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ABSTRACT 



A two piece blind fastener for securing a plurality of 
workpieces including a hollow sleeve having a straight 
shank with an enlarged sleeve head at one end and a pin 
having an enlarged pin head; the pin has a pin stop shoulder 
and a lock groove located near the pin stop shoulder; the pin 
head is adapted to engage the sleeve to form a bulb type 
blind head in response to a relative axial force applied 
between the pin and sleeve; the pin stop shoulder is adapted 
to engage a sleeve stop shoulder to direct the material of the 
sleeve stop shoulder substantially radially inwardly into the 
lock groove to lock the pin and sleeve together and to finally 
form a stop surface on the sleeve for stopping axial move- 
ment of the pin through the sleeve; in addition the pin has an 
expander portion adapted to expand the sleeve shank radi- 
ally outwardly to fill the openings of the workpieces and 
with the expander portion having a grooved section with 
alternate relief grooves and expander segments with the 
relief grooves receiving excess material of the sleeve after 
hole fill and to thereby also assist in locking the pin and 
sleeve together. 

30 Claims, 5 Drawing Sheets 
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FILLING RIVET WITH HIGH PIN LOCK 

BACKGROUND OF THE INVENTION 

The present invention relates to blind fasteners and more 
particularly to blind fasteners including a pin and a sleeve 
and having a mechanical lock structure for locking the pin 
and sleeve together and providing a hole fill of the openings 
of workpieces being secured together. 

In many blind fastener applications it is desirable that the 
pin and sleeve be mechanically locked together to inhibit 
looseoing, separation and/or loss of the pin through 
vibration, etc. Examples of such blind fasteners can be seen 
in the U.S. Pat. No. 4,863,325 for Two Piece Blind Fastener 
With Lock Spindle Construction Issued on Sep. 5, 1989 to 
Smith, U.S. Pat. No. 4,046,053 for Blind Rivet issued on 
Sep. 6, 1977 to Alvi et al, U.S. Pat. No. 3,288,016 for Blind 
Two-Piece Fastener issued on Nov. 29, 1966 to Reynolds, 
and U.S. Pat. No. 2,538,623 for Rivet Assembly issued on 
Jan. 16, 1951 to Keating. 

It is also desirable in many applications to fill the work- 
piece openings. This is frequently done by radially expand- 
ing and compressing the shank of the sleeve against the 
surface of the workpiece openings by an expander portion of 
the pin. Various forms of such structures are also shown in 
the patents noted above. 

BRIEF SUMMARY OF THE INVENTION 

In the present invention a blind fastener, including a pin 
and a sleeve, is provided in which an internal portion of the 
sleeve is moved radially inwardly during installation by a 
portion of the pin into a lock pocket groove on the pin to 
form a primary lock holding the pin and sleeve together. 

In addition, the pin has an elongated expander portion 
which operates with the portion of the sleeve shank in the 
workpiece openings to radially expand that sleeve portion to 
fill the workpiece openings. The sleeve shank portion is 
formed with a volume of material which in combination 
with the volume of the expander pin portion defines a 
volume greater than that required to fill the workpiece 
openings. At the same time, the expander pin portion is 
formed with a grooved section having plurality of axially 
extending, circumferentially disposed relief grooves sepa- 
rated by co-extensively extending expander segments 
located in a common circular plane. The relief grooves are 
adapted to receive the excess material of the sleeve shank 
portion after hole fill caused by the expander pin portion. 
The hole fill is caused primarily, by the expander segments 
and by a straight, circumferentially continuous, straight 
expander segment at the leading end of the expander 
grooved section. In this regard, the expander portion is 
provided to be of a length such that the relief grooves will 
extend partially past the inner or blind side workpiece 
surface of the workpieces to thereby provide additional 
volume to receive excess sleeve shank material. This pro- 
vides an increased tolerance range for dimensional varia- 
tions in the workpiece openings and related fastener while 
still providing a desired magnitude of compression of the 
expanded collar material against the workpiece openings 
over the increased tolerance range. In this regard an excess 
magnitude of compression cr an insufficient magnitude of 
compression could have an adverse affect on the installation, 
performance and/or strength of the fastener and fastened 
joint. For example an excessive volume could cause axial 
movement of the sleeve head away from engagement with 
the adjacent work piece surface resulting in an 
unsatisfactory, weakened joint. This type of occurrence is 
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frequently referred to as "head rise". This is inhibited by the 
present invention. In addition to providing the increased 
tolerance range noted, the relief grooves are also formed to 
provide an additional or secondary lock between the pin and 

5 sleeve by virtue of the sleeve material flowing into the relief 
grooves during hole fill. This increases the overall lock 
between the pin and sleeve. 

At the same time the extra lock provides additional 
resistance to "pin bounce" and its adverse effects which can 

10 occur as a result of severing the pin tail or pull portion of the 
pin by fracturing of a breakneck groove. 

In the present invention the expander portion of the pin 
has a generally circular cross-section. The relief grooves are 
generally shallow and are of a generally arcuate contour. The 

15 expander segments separating each of the grooves are in a 
circular plane of the overall circular contour of the expander 
portion with both the expander segments and grooves being 
wide and generally of the same circumferential width. As 
will be seen this structure enhances the expansion capability 

20 of the expander portion while substantially resisting distor- 
tion. 

In addition, the unique structure of the expander portion 
also enhances the work hardening and hence strength of the 
expanded sleeve shank portion in the workpiece openings 
arid additionally provides significant work hardening and 
hence strength to the material of the workpieces at the 
workpiece openings which are subject to hole fill. This 
provides substantially improved static strength and fatigue 
life of the fastener, the workpieces and hence of the fastened 
30 joint. 

Thus it is an object of the present invention to provide a 
novel two piece blind fastener, including a pin and a sleeve, 
and in which the pin and sleeve are adapted to provide hole 

35 fill of the workpiece openings and are mechanically locked 
together by material from the sleeve which is moved radially 
inwardly into a lock pocket in the pin and with an additional 
lock formed by the excess material from the expanded shank 
portion of the sleeve moved into relief grooves in the 

^ expander portion of the pin shank from hole fill. 

It is still another object of the present invention to provide 
a novel two piece fastener, including a pin and a sleeve, and 
in which a shank portion of the sleeve is adapted to be 
radially expanded by the pin into compressive engagement 

45 with the workpiece openings and with the pin having a 
structure for expanding the sleeve shank portion and which 
is adapted to accept excess sleeve material from the com- 
pressive engagement in expansion whereby the fastener can 
be used to secure workpieces having an increase in the range 

50 of tolerance variations in the size of the workpiece openings. 
It is a further object of the present invention to provide a 
novel two piece fastener, including a pin and a sleeve, and 
in which a shank portion of the sleeve is adapted to be 
radially expanded by an expander portion of the pin into 

55 compressive engagement with the workpiece openings and 
with the expander portion having a plurality of axially 
extending generally wide relief grooves circumferentially 
separated by relatively wide expander segments with the 
relief grooves adapted to accept excess sleeve material from 

60 the compressive engagement in expansion generally without 
distortion of the ridges whereby the fastener can be used to 
effectively secure workpieces having an increase in the 
range of tolerance variations in the size of the workpiece 
openings and fastener components while resulting in 

65 increased static strength and fatigue life of the fastened joint. 
It is another object of the present invention to provide a 
novel, dual mechanical locking structure for the pin and 
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sleeve of a two piece blind fastener and having an increased 
tolerance range for filling related workpiece openings. 

It is a general object of the present invention to provide a 
new and improved two piece blind fastener. 

Other objects, features, and advantages of the present 
invention will become apparent from the subsequent 
description and the appended claims, taken in conjunction 
with the accompanying drawings, in which: 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

FIG. 1 is a side elevational view with some parts shown 
in section of a blind fastener, including a pin and a sleeve 
embodying features of the present invention and with the pin 
and sleeve being in an initially pre -assembled relationship 
together and assembled with workpieces to be secured prior 
to initiation of installation; 

FIG. 2 is a side elevational, longitudinal sectional view of 
the sleeve of FIG. 1; 

FIG. 3 is an elevational end view of the sleeve of FIGS. 
1 and 2 taken generally in the direction of the Arrows 3 — 3 
in FIG. 2; 

FIG. 4 is a side elevational view of the pin of FIG. 1; 

FIG. 5 is a fragmentary view to enlarged scale of the 
portion of the pin of FIG. 4 taken generally in the Circle 5 
in FIG. 4; 

FIG. 5a is a sectional view to enlarged scale of the pin of 
FIGS. 4 and 5 taken generally in the direction of Arrows 
5a — 5a in FIG. 5 and depicting the contour of the relief 
grooves and expander segments of the expander pin portion 
of the pin with the relief grooves adapted to receive an 
excess of material of the sleeve shank from expansion in 
hole fill; 

FIG. Sb is a fragmentary sectional view to enlarged scale 
taken generally in the direction of the Arrows Sb — Sb in 
FIG. 5 and further depicting the contour of the relief grooves 
of the expander pin portion of the pin; 

FIG. 5c is a fragmentary view to enlarged scale of the 
lead-in segment of the expander pin portion taken generally 
in the Circle 5c FIG. 5; 

FIG. 6 is a fragmentary view to enlarged scale taken 
generally in the Circle 6 in FIG. 4 and depicting a portion of 
the enlarged head of the pin; 

FIGS. 7a, lb and 7c are sequence views of the fastener 
and workpieces of FIG. 1 and depicting the fastener in the 
progressive stages of installation after the initial pre- 
assembly in FIG. 1 prior to initiation of installation to 
subsequent sequential stages of installation in FIGS. 7a and 
lb to completion of installation at FIG. 7c; 

FIG. 8 is a side elevational view similar to FIG. 1 and 
including the pin of FIG. 1 in a pre -assembled relationship 
with a sleeve of modified construction; and 

FIG. 9 is a side elevational, sectional view to enlarged 
scale of the modified sleeve of FIG. 8. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As can be seen in FIG. 1, a blind fastener 10, includes a 
hollow sleeve 12 and a pin 14 which are shown in a 
pre-assembled relationship to facilitate handling and as 
pre -assembled to workpieces 16 and 18. 

Looking now to FIGS. 1-3, the hollow sleeve 12 has a 
generally straight shank 20 of a uniform outside diameter D6 
which terminates at its forward end in an enlarged head 22. 
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As can be seen in FIG. 1, the sleeve shank 20 is adapted to 
fit in clearance relationship in through bores or aligned 
openings 24 and 26 in workpieces 16 and 18, respectively. 
The enlarged head 22 is of a conical, flush head type 

5 construction and has a tapered inner surface 27 which tapers 
radially inwardly from a head diameter D9 and is adapted to 
fit matingly within a tapered countersunk opening 29 at the 
outer end of bore 24 in workpiece 16. While a conical, flush 
bead 22 is shown it should be understood that the present 

1Q invention is equally applicable to a sleeve having a protrud- 
ing head. 

Sleeve 12 has a central through bore which includes a 
shank bore portion 28, having a diameter Dl, which extends 
generally uniformly for the length of the sleeve shank 20 and 

15 communicates proximate the enlarged sleeve head 22 with a 
generally uniform, reduced diameter bore portion 30, of a 
diameter D2. An annular stop shoulder 34 is defined at the 
juncture of shank bore portion 28 and the reduced diameter 
bore portion 30. The stop shoulder 34 extends radially 

20 inwardly substantially transversely to the central axis X of 
the sleeve 12 and pin 14 of the fastener 10. 

As will be seen, it is desirable that a blind head be formed 
by upsetting the sleeve shank 20 radially outwardly at a 
point along its length to form a bulbed blind head 37 as 

25 shown in FIG. 7c. The blind head 37, however, is to engage 
the blind side, inner surface 39 of the workpiece 18 and this 
is to occur over a range of total thickness Wp of the 
workpieces 16 and 18 able to be secured by one size of the 
fastener 10. This is referred to as the "grip range" for that 

30 fastener. To achieve this, the sleeve shank 20 is band 
annealed over an intermediate section 41 to provide a 
gradient of reduced hardness. In this regard the sleeve 12 is 
formed by cold heading blanks which results in an increase 
in hardness of the material in the sleeve shank 20 from cold 

35 working; this hardness is reduced in the intermediate section 
41 by band annealing as noted. This then facilitates bulbing 
in the section 41 to form the blind head 37 having the desired 
bulbed configuration in clamping engagement with the blind 
side surface 39. The section 41 extends generally from a 

40 location to be proximate to the blind side surface 39 rear- 
wardly to provide an ample range for formation of the 
bulbed blind head 37 over the desired range of the overall 
workpiece thickness Wp. 

Looking now to FIGS. 1, 4, 5, 5a-5c and 6 the pin 14 has 

45 an elongated shank 36 which terminates in an enlarged pin 
head 38 at its rearward end (the blind end of fastener 10); the 
shank 36 of pin 14 has a plurality of annular pull grooves 40 
in a pull groove portion 42 at the opposite end connected to 
a smooth shank portion 44. The shank 36 includes an 

50 expander pin portion 46 connected at one end to the pin head 
38. 

Since the pull grooves 40 are formed by roll forming on 
an extension of the smooth shank portion 44, the diameter 
D3 of the crests 49 of the pull grooves 40 is slightly greater 

55 than the diameter D4 of the smooth shank portion 44. At the 
same time the diameter D5 of the expander pin portion 46 is 
greater than diameters D3 and D4 of the crests 49 of pull 
grooves 40 and of the smooth shank portion 44, respectively. 
The diameters D3 and D4 of pin shank portions 42 and 44 

60 are less than the small diameter D2 of the reduced diameter 
bore portion 30 of sleeve 12 whereby the shank portions 42 
and 44 can pass freely through the sleeve 12. On the other 
hand the diameter D5 of expander pin portion 46 is greater 
than the diameter Dl of the shank bore portion 28 to provide 

65 a predetermined amount of sleeve shark expansion during 
installation resulting in hole fill of the bores 24 and 26 of 
workpieces 16 and 18, respectively, in a manner to be 
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described. In this regard the outside diameter D6 of the 
straight sleeve shank 20 is less than the diameter D7 of 
workpiece bores 24 and 26 to provide a radial clearance 
distance d, i.e. Vi (D7-D6), see FIG. 1. As will be seen the 
present invention provides effective hole fill and fastener 5 
installation over an increased range in clearance d. 

Looking now to FIG. 6, the pin head 38 has a radially 
inwardly, axially rearwardly tapered guide surface 48 which 
defines an annular cavity 50 within the head 38. The guide 
surface 48 is essentially planar extending radially inwardly 10 
and axially rearwardly at an angle Al relative to a plane 
transverse to the axis X. The outside diameter D8 of the pin 
head 38 is generally around that of the outside diameter D6 
of the sleeve shank 20 and thus, in installation, the outer or 
free end of the sleeve shank 20 will be engaged by the 15 
tapered pin guide surface 48 and thereby guided radially 
inwardly into the pin cavity 50. Thus this guiding action 
inhibits movement of the sleeve shank 20 radially outwardly 
over the pin head 38 and thereby assists in the formation of 
the blind head in a desired bulbed configuration to be ^ 
described. See bulbed blind head 37 in FIG. 7c. 

An annular pin stop shoulder 52 is defined at the end of 
the expander pin portion 46 and is generally planar. (See 
FIG. 5). A lock pocket groove 54 is defined by an annular 
groove of a reduced diameter D10 located immediately 25 
adjacent the sleeve pin stop shoulder 52 with the outer end 
of the lock pocket groove 54 being defined by an annular 
land 56. Axially outwardly from the lock pocket 54 and 
adjacent to the annular land 56 is an annular breakneck 
groove 60 of a reduced diameter Dll which defines the 30 
weakest section of the pin 14. The inner end of the break- 
neck groove 60 is at a planar surface at the outer end of the 
land 56. Both the pin stop shoulder 52 and inner surface of 
the breakneck groove 60 are in planes transverse to the axis 
X of pin 14 or slightly angulated axially rearwardly and 35 
radially outwardly, i.e. at angles A2 and A3, respectively, 
relative to such transverse planes. (See FIG. 5c). In addition 
the lock pocket groove 54 is formed with a relatively large 
included angle A5. This construction facilitates rolling of the 
lock pocket groove 54 and breakneck groove 60. At the same 40 
time the angles A2, A3 and A5 are selected to inhibit 
extrusion during installation and to provide for a clean break 
line at the breakneck groove 60 upon fracture at the comple- 
tion of installation. 

Looking now to FIGS. 4, 5, 5a, 5b and 6 the expander pin 45 
portion 46 is of a circular cross section. The expander pin 
portion 46 comprises a grooved section 62 which is con- 
nected at one end to the pin head 38 by a first, inner smooth 
section 64 and at the other end to the stop shoulder 52 by a 
second, outer smooth section 66. The second, outer smooth 50 
section 66 terminates in a tapered lead-in segment 68 at its 
outer end. The grooved section 62, and first and second 
smooth sections 64 and 66 are substantially of the same 
diameter D5 except for the lead-in segment 68. The lead-in 
segment 68 tapers radially inwardly at an angle A4 relative 55 
to the axis X. The taper angle A4 is selected to facilitate 
initial movement of the expander pin portion 46 into the free 
end of the sleeve shank 20 and at the same time facilitates 
the radial outward expansion of the sleeve shank 20 at an 
acceptable relative axial force for installation. In this regard 60 
the lead-in segment 68 formed as noted avoids galling of the 
inside surface of shank bore portion 28. 

In this regard and as noted, the diameter D5 of the 
expander pin portion 46 is larger than the diameter Dl of the 
bore portion 28 of sleeve shank 20. However, in the pre- 65 
assembly together of the sleeve 12 and pin 14 the tapered 
lead-in segment 68 of the expander pin portion 46 is located 
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only partially in interference within the bore portion 28 and 
while holding the sleeve 12 and pin 14 together to facilitate 
handling prior to installation it does so without excessive 
expansion of the sleeve 12 whereby insertion of the pre- 
assembled fastener 10 into workpiece openings 24 and 26 is 
not inhibited (see FIG. 1). In this regard, it is believed that 
the outer surface of the sleeve shank could be slightly 
tapered to a reduced thickness at the open end to accom- 
modate such pre-assembly without creating interference 
with workpiece openings 24 and 26 upon initial insertion. 

The grooved section 62 is formed to have axially extend- 
ing relief grooves 70 and expander segments 72. The 
grooves 70 are relatively shallow and have an arcuate 
contour with a generous radius Rl and with a shallow radial 
depth of dr. The expander segments 72, however, are main- 
tained with a curvature of the overall diameter D5 being a 
radius R2. The relief groove radius Rl blends smoothly with 
the arcuate contour of the overall radius R2 of the expander 
segments (i.e. R2=V£ D5). In this regard, in one form of the 
invention the radius Rl was selected to be around 30% of the 
radius R2. At the same time the radial depth dr of the shallow 
relief grooves 70 was between around 2% to around 2.5% of 
the overall diameter D5. Thus the curvature of the relief 
grooves 70 is selected to facilitate the flow of the excess 
sleeve material from hole fill while at the same time the 
relatively shallow construction assists in maintaining the 
compression of the sleeve material in the grooves 70 against 
the inner surfaces of the workpiece openings 24, 26. 

As noted the relief grooves 70 are relatively wide cir- 
cumferentially and thus the circumferential groove width 
Wg is substantially equal to the circumferential width Wr of 
the expander segments 72. At the same time, in one form of 
the invention, the width Wg of relief grooves 70 and width 
Wr of expander segments 72 extend circumferentially for 
around 16° each. In this regard, the volume of the grooves 
70 is selected to be slightly less than the volume of sleeve 
material, in combination with the volume of the expander 
pin portion 46, which is in excess of that required to fill the 
radial gap d at the end of the dimensional tolerance range 
where d is a minimum. At the same time the relief grooves 
70 will be at least partially filled when filling the radial gap 
d at the other end of the dimensional tolerance range where 
d is a maximum. 

As noted, the outer smooth section 66 terminates in the 
tapered lead-in segment 68 at the leading end of the 
expander pin portion 46. The smooth section 66 has a 
straight segment 67 which is of the fill diameter D5. The 
smooth section 66 is of a relatively short axial length L5 and 
in this regard in one form of the invention the axial length 
L5 was about 20% of the expansion diameter D5. At the 
same time the tapered lead-in segment was generally around 
50% of the length L5. This still left a short, limited length 
for the straight segment 67. It is believed that this short, 
straight segment 67 provides a limited, desired length of full 
circumferential expansion of the sleeve shank 20 prior to the 
engagement by the grooved section 62. The limited segment 
67 then initially provides uniform hole fill of the workpiece 
openings 24 and 26 and facilitates flow of the excess sleeve 
material into the relief grooves 70. At the same time the 
combination of the smooth surface of the straight segment 
67 and the generally uniform, circumferentially wide sur- 
faces of the expander segments 72 inhibit cutting of grooves 
or notches in the engaged, expanded surface of the sleeve 
shank 20. 

The overall axial length LI of the grooved section 62 is 
selected such as to be substantially fully in line with the 
straight workpiece bores 24 and 26 in the condition of 
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maximum grip where the total thickness Wp of the work- time the secondary lock formed by the sleeve material which 

pieces 16, 18 is a maximum for the fastener 10 and with the has flowed into the relief grooves 70 assists the primary lock 

length L2 of the straight portions of workpiece bores 24 and by the sleeve material in the lock pocket 54 to resist 

26 being generally less than the length LI of the grooved i oosening of mc pin 14 and sleeve 12 from pin bounce 

section 62. In this regard the length LI of the grooved 5 4 e * r , u u i i /A _ . 

. a * j u *u « % n * j ii * occurring at fracture of the breakneck groove 60. This 

section 62 is selected such that it will extend partially past . . 4 4 . 4 r . - T- • 

ji i j »j j io Airjkn * • • improves the static strength of the fastened joint, 

the blind side surface 39 even in a maximum grip condition, Y & j 

i.e. where the combined thickness Wp is a maximum for that Nole that Lhe breakneck groove 60 and pin stop shoulder 

fastener. This provides an additional volume of relief 52 are separated by a preselected distance such that when the 

grooves 70 to receive excess sleeve material in conditions 10 P in st0 P shoulder 52 is held from farther axial movement by 

where the radial gap d is at a minimum. In the drawings of ihQ sleeve st0 P shoulder 34, the breakneck groove 60 will be 

FIGS. 1 and 7a-7c the thickness Wp of the workpieces 16 located within the sleeve bore portion 30 such that upon 

and 18 is shown generally at a nominal value in the grip fracture the outer, fractured end of the pin 14 will generally 

range between the minimum and maximum magnitude of DOt extend beyond the adjacent outer surface of the sleeve 

the total thickness Wp. 15 head 22 - 

The relief grooves 70 are formed by rolling a straight pin ^ volume of the material of the sleeve stop shoulder 34 

shank portion of the diameter D5. As the grooves 70 are selected relative to the volume of the lock groove 54 such 

formed the material displaced in forming the grooves 70 ^at the lock groove 54 will be substantially filled and axial 

moves substantially in axial elongation whereby the diam- movement of the pin 14 will be stopped at the desired 

eter D5 is maintained overall for the expander pin portion 20 location generally when that filled condition occurs, i.e. such 

46, i.e. for the expander segments 72 of the grooved section thal P m break at brea kneck 60 occurs within the sleeve head 

62 and the first and second smooth sections 64 and 66 up to 22 - the volume of sleeve stop shoulder 34 is generally 

the tapered lead-in segment 68. The pin 14 is then heat g reater than the voh "ne necessary to fill the lock groove 54. 

treated after rolling to provide a uniform desired hardness. The sleeve head 22 provides radial stiffness and resists 

Looking now to FIG. Sb the leading end of the relief 25 anv tendency for radial expansion of sleeve 12 as the sleeve 

grooves 70 terminates in a generally planar end surface 74 stop shoulder 34 is deformed into the lock groove 54. In this 

which is generally transverse to the axis X. This creates an regard the breakneck groove 60 is designed to fracture at an 

abutment for the excess material which flows into the relief axial load greater than that load at which the filling of the 

grooves 70. Thus the abutment creates a secondary lock lock groove 54 occurs; thus after filling, the additional axial 

resisting push out of the pin 14 from the sleeve 12 and assists force necessary for pin break ^ urge the sleeve material 

in holding the pin 14 and sleeve 12 of fastener 10 together {Q T ^ d ^ ^ n ^ ^ ^ laccmcnt of 

after installation. t ' . , , . . , * . . 

, , A , . , „ . , sleeve matenal could result in axial movement of the pm 14 

Ine lastener 10 is adapted to be set by an installation tool , . ~ , . 4 . ..„. , - _ , 

■ ■ , uf* 111 • ; L « 4l _ making its final position more difficult to control. By locat- 

which can be of a type well known in the art and hence the , & , r , J 

details thereof have been omitted for simplicity. However, it 35 m S the sleeve sto P shoulder 34 substantially within the 

should be noted that the tool has a chuck jaw assembly confines of the sleeve head 22, such radial expansion is 

which is adapted to grippingly engage the pull grooves 40 of inhibited. At the same time, it should be noted that only the 

the pin 14 while an anvil engages the enlarged sleeve head tapered lead-in segment 68 and perhaps a part of the straight 

22. Upon actuation of the tool, the jaw assembly moves segment 67 will move into the area of the sleeve head 22. 

axially away from the anvil whereby a relative axial force is This spaces the grooved section 62 away from the sleeve 

applied between the pin 14 and sleeve 12. head 22 thereby preventing deterioration in the strength of 

As this relative axial force increases in magnitude, the pin the sleeve 12 in the vicinity of the connection between the 

14 is pulled into the sleeve 12 and the expander pin portion s i eevc head 22 and sleeve shank 20. 

46 is moved into the end of the sleeve shank 20 until the pin AC , 4 .- , u . , , , . . , . 4 . A . , , 

u aio *u * a t*u i u 1 K*?l- 45 In this regard it is also believed desirable to have the lock 

head 38 engages the outer end of the sleeve shank 20. At this - . f 4 , t , , 4 . 4 ^ 

*u a .™ * >• ^ifi u i ™ u ♦ groove 54 located very close and/or contiguous to the pin 

point the annealed section 41 of sleeve shank 20 begins to 4 . M . i . . £ ^ * 

Liu j- 11 t ji r *• c Z iu a stop shoulder 52 in order to promote the effectiveness of its 

bulb radially outwardly to initiate formation of a bulbed C11 * 4U . . . - , * . , - A _ . _ 

uu^u-.jii /e - \ a *u- »u j • fill by the material of the sleeve stop shoulder 34. It is also 

blind head 37. (See FIG. 7a). As this occurs the expander pin . ,. , . . r , F . c 4 , . . 

mc « . t * , . * . , f. believed desirable that the foiwardmost wall 76 of the lock 

portion 46 is moved into the sleeve bore portion 28 with the cn ... ■ « j c r 1 

L^^a \~*a - * *o • *• ■ -i f tL 50 groove 54 be axially spaced as far as possible from the 

tapered lead-in segment 68 assisting in pdoting of the f , , ^ 7 - 4 , , c * . 4 . . 4 

,f , A£ . t 4 . , u . • *\o i_ *i breakneck groove 60 with both, of course, located substan- 

expander pin portion 46 mto the sleeve bore portion 28 while „ .... 6 c c 4 , ' , . ' r 

p„f- t . a- i • e *u 1 u 1 in ™v within the confines of the sleeve head 22 for reasons 

facilitating radial expansion of the sleeve shank 20. % , , , 

. , r , . „ M . , previously described. 

As axial movement of the pin 14 continues the pm stop rp, , A . . «... . , 

, 1JM , , r , , , _ . . Ine above construction promotes good filling of the lock 

shoulder 52 engages the sleeve stop shoulder 34 moving 55 groove 54 and also minimizes variations in the axial position 

matenal from the sleeve stop shoulder 34 radially inwardly of me pin 14 at which ^ lock groove 54 fc fiUed md thc 

into the lock pocket groove 54. After the lock pocket groove shoulder stop is formed and hence permits consistency of 

54 has been substantially filled, movement of the pin 14 is location of the fracture of the breakneck groove 60 within 

arrested. At this point the bulbed blind head 37 has been the confines of sleeve head 22. 

fully formed and is in clamping engagement with the blind 60 In one form of the invention the pin 14 was made of A286 

side, inner surface 39 of workpiece 18. (See FIG. lb). Now stainless steel having a hardness of around 44 Rc and sleeve 

as the relative axial force applied between the pin 14 and 12 was made of C.P.Ti, i.e. commercially pure titanium, 

sleeve 12 increases a force of preselected magnitude is having a general hardness of 96 Rb. Alternatively the pin 14 

reached at which the pin 14 is fractured at the breakneck 65 could be made of a titanium alloy such as 6A1-4V 

groove 60 and the pull groove portion 42 is removed. This (Aluminum/Vanadium) while the sleeve 12 could be made 

then completes the installation. (See FIG. 7c). At the same of a titanium alloy such as 3A1-2.5V or A286 stainless steel. 
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As noted the sleeve 12 is work hardened during formation by 
cold heading from a blank such as to increase the hardness 
of the sleeve shank 20 and after that the sleeve shank 20 is 
band annealed in a limited area to provide the band annealed 
section 41. This facilitates formation of the bulbed blind 
head 37 at the desired location at the blind side surface 39 
of workpiecc 18. In addition to the tapered lead-in segment 
68 frictional affects can be further reduced by the use of a 
light coat of a lubricant on the pin 14 such as Kalgard FA, 
which is a trademarked product. 

In aircraft applications the workpieces 16 and 18 are 
typically made of a lightweight material such as a 2024 T3 
clad aluminum alloy or generally of aluminum alloys in the 
2,000 or 7,000 series or of a titanium alloy. Thus the area 
around the workpiece openings 24 and 26 will be work 
hardened to an increased hardness by the compression of the 
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i.e. with sleeve 12 and pin 14, it should be understood that 
a disposable anvil type load washer, such as shown in U.S. 
Pat. No. 5,810,530 issued Sep. 22, 1998 to Travis for 
Interference Blind Type Bolt and U.S. Pat. No. 4,789,283 
5 issued Dec. 6, 1 988 to Crawford for Fluid-Tight Blind Rivet, 
could be used to engage the sleeve head 22 to react the 
relative axial load applied to the sleeve 12. 

A list of representative typical values for one form of the 
sleeve 12 and pin 14 of fastener 10 is noted in the chart 
which follows. It should be understood that the following 
values are by way of example and that the principles of the 
15 present invention can be employed for fasteners of different 
sizes, dimensions, materials and the like with the noted 
values changing. 



CHART OF TYPICAL VALUES - INCHES AND DEGREES 
SLEEVE 12 



Hardness Minimum 
Shank 20 Hardness 

General Dl Bore D2 Bore D6 D9 Annealed 

- Pre- Portion Portion Sleeve Sleeve Section 

Material Anneal 28 30 Shank 20 Head 22 41 



CP. 96 Rb 0.147 0.129 0.185 0300 70 Rb 

Titanium 



PIN 14 

DS 

Expander Al Guide 

D3 Pull D4 Smooth Portion D8 Pin Surface 



Material 


Hardness 


Crests 49 


Shank 44 


46 


Head 38 48 


A286 


44 Rc 


0.124 


0.120 


0.152 


0.185- 


80° 


S.S. 










.186 




A2 Stop 


A3 


D10 Lock 


Dll 


A4 Lead- 


Rl 


R2 


Shoulder 


b'neck 


Groove 54 


b'neck 


in 


Relief 


Expander 


52 


groove 




Groove 60 


Segment 


Grooves 


Segments 




60 






68 


70 


72 


0°-2° 


0°-5° 


0.116 


0.098 


10° 


0.023 


0.076 


LI 


AS Lock 


Wg Width 


Wr Width 


dr 


dr/D5 


L5 


Grooved 


Pocket 


Relief 


Expander 


Radial 






Section 


Included 


Groove 70 


Segment 


Depth 






62 


Angle 
50° 




72 






0.135 


16° 


16° 


.003 


1-15% 


.031 



WORKPIECES 16, 18 



Wp 

D7 Work- Thickness 
piece Clearance Work- 
Bores d 1/2 pieces 
Material 24,26 (D7-D6) 16, 18 



202413 0.188 .0015 0.125- 
CladAl 0.188 



expanded section of the sleeve shank 20. In addition the 
segment of the band annealed section 41 which is located in 
and expanded and compressed in the workpiece openings 24 
and 26 will also be work hardened to an increased hardness. 

It should also be noted that the lock mechanisms of 
fastener 10 are performed by the interaction of pin 14 and 
sleeve 12 and are not dependent upon any special construc- 
tion of the installation tool. However, the installation tool 
should preferably have a flat anvil surface adapted to engage 
the outer surface of the sleeve head 22. In this regard while 
the fastener 10 is shown as being of a two piece construction, 



A modified embodiment of another preferred form of 
fastener 10 is shown in FIGS. 8 and 9. In the description of 
the embodiment in FIGS. 8 and 9 components similar to like 

60 components in the embodiment of FIGS. 1-7 have been 
given the same numeral designation with the addition of the 
postscript letter "a" and unless described otherwise can be 
considered to be substantially the same. In this regard, the 
same designation shall be used for dimensions that are the 

65 same and unless noted otherwise the typical dimensions are 
the same as listed in the CHART OF TYPICAL VALUES for 
fastener 10. As can be seen in FIGS. 8 and 9, a blind fastener 
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10a, includes a hollow sleeve 12a and a pin 14a, and, in FIG. straight sleeve shank 20a is less than the diameter D7 of 

8, is shown in a pre-assembled relationship to facilitate workpiece bores to provide the radial clearance distance d. 

handling in preparation for installation of workpieces such As noted with fastener 10 the fastener 10a provides effective 

as workpieces 16 and 18. h°l e ^ an( * fastener installation over an increased range in 

As will be seen the sleeve 12a is substantially the same as 5 c l earance ^ 

sleeve 12 except that sleeve 12a is provided with a coun- ^ P m head ?* a 1S ^ntical to pin head 38 and includes 

lerbored portion 80 at the outer end of sleeve shank 20a. The a "^JT^ £ f iaUy rea ™ ardl y tapered guide surface 
counterbored portion 80 is of a diameter D12 which is 

slightly less than the diameter D5 of the expander pin ^f 10 " 5 ™ manner previously described, 

portion 46a. For example with the pin 14a being dimen- 10 J* """^ P m shoulder 52a, a lock pocket groove 

sioned essentially the same as pin 14 and as set forth in the ™ ^ ' " i 7 u b ' eakn( f gr °° ve 

CHART OF TYPICAL VALUES the counterbore diameter ™ ldcntlCal to the * Simdarl y numbered C0 ™ tel P arts « 

D12 would be between around 0.150 to around 0.151 inches n,^" *„a~ • 4 - ac • e ♦ * -j *• 1 * 

* • j v u« • * * ..1 CL * j Ine expander pin portion 46a is of a structure identical to 

to provide a slight interference with a D5 of between around def JQ &J 46 as shown and described ^ FIGS 4 

0 1515 to around 0.1530 inches to facilitate pre-assembly of 15 5 ^ $h ^ fi ^ ^ expander f rtioD 46fl comprise s 

the pin 14a and sleeve 12a without significant sleeve shank a grooved xc]k)n 62a which ^ connect ed at one end to the 

expansion. p| n nead 3g a by a sm0 oth section 64a and at the 

The counterbored portion 80 extends for a length L3 to a other end to the stop shoulder 52a by a second, outer smooth 

locating shoulder 82 at the juncture of counterbore portion section 66a. The second, outer smooth section 66a termi- 

80 with the shank bore portion 28a. Here the shank bore 20 nates in a tapered lead-in segment 68a at its outer end. The 

portion 28a, while of reduced length, is the same as shank lead-in segment 68a tapers radially inwardly at the angle A4 

bore portion 28. Thus the pin shank 36a can be moved into relative to the axis X and serves the purpose previously 

the sleeve shank 20a in pre assembly for the length L3 until described. 

the pin stop shoulder 52a is engaged with the locating In this regard the reduced length L4 of the hole filling 
shoulder 82. This will place the pin head 38a a slight shank bore portion 28a is generally equal to the length L2 of 
preselected distance dl from the end of the sleeve shank 20a the straight portion of the workpiece bores in the maximum 
to provide a visual indication of the desired pre-assembly. grip or maximum total thickness Wp. 
With this structure the smooth pin shank portion 44a can be Th e grooved section 62a is formed to have axially extend- 
reduced in length by the length L3 while still providing the i ng relief grooves 70a and expander segments 72a which are 
same amount of accessibility of the shank pull portion 42a identical to relief grooves 70 and expander segments 72. 
at the accessible side of the workpiece such as workpieces Again the overall axial length LI of the grooved section 
16 and 18. At the same time the backside protrusion of the 62a ^ se]ected such as to be substantially Mly in Hne ^ 
pin 14a at the blind side of the workpieces is reduced by the me straight of workpiece bores in the cond ition of 
length L3 permitting use of the fastener 10a m applications maxirmim grip where the total thickness Wp of the work- 
having reduced blind side clearance. Also the overall length pieces is a maximum for the fastener 10a and ^ me length 
and cost of the pin 14a is reduced Except as noted above the L2 of straight portions of workpiece bores being generally 
pin 14a is identical to p,n 14 and the sleeve 12a is identical equal to the length L1 of the grQ0Ved seclion 62a M the 
to sleeve 12. same the counterbored shank portion 80 is provided to 
Thus the sleeve 12a has a central through bore which ^ extend from the blind side surface, such as surface 39, 
includes a hole filling shank bore portion 28a, having a generally for the length L3 in the minimum grip or maxi- 
diameter Dl, which extends generally uniformly for a length m um total thickness Wp condition. 

L4 of the sleeve shank 20a from the locating shoulder 82 to Thc fastener 10fl ^ adapted to bc sct in the samc manncr 

a point proximate to the enlarged sleeve head 22a with a ^ fastener 10 by ^ msta llati 0 n tool and as previously 

generally uniform, reduced diameter bore portion 30a, of a ^ dcscrib ed and hence the details thereof have been omitted 

diameter D2. The annular stop shoulder 34a is defined at the f or simplicity 

juncture of shank bore portion 28a and the reduced diameter ^ after the Jock pocket groQve Mfl ha& been substaQ _ 

bore portion 30a. dally fiUe ^ movemerit of me pia 14fl ^ arrested At fa is 

The sleeve shank 20a is band annealed over an interme- po j nt th e bulbed blind head has been fully formed and is in 

diate section 41a to provide the gradient of reduced hardness 50 clamping engagement with the blind side of the workpiece. 

to facilitate bulbing in the section 41a to form the blind head Now as the relative axial force applied between the pin 14a 

such as blind head 37. and s i eeve \2a increases a force of preselected magnitude is 

Looking now to FIG. 8, the pin 14a is identical to pin 14, reached at which the pin 14a is fractured at the breakneck 

except for the smooth shank portion of 44a of reduced groove 60a and the pull groove portion 42a is removed. This 

length. Thus the pin 14a has an elongated shank 36a which 55 then completes the installation. At the same time the sec- 

terminates in an enlarged pin head 38a at its rearward end; ondary lock formed by the sleeve material which has flowed 

the shank 36a of pin 14a has a plurality of annular pull into the relief grooves 70a assists the primary lock by the 

grooves 40a in a pull groove portion 42a at the opposite end sieeve material in the lock pocket 54a to resist loosening of 

connected to the smooth shank portion 44a. The shank 36a the pin 14a and sleeve 12a to thereby improve the static and 

includes the expander pin portion 46a connected at one end 60 fatigue strength of the fastened joint, 

to the pin head 38a. The sleeve 12a and pin 14a can be made of the same 

As noted the diameter D5 of expander pin portion 46a is materials noted for the sleeve 12 and pin 14. Thus, in view 

greater than the diameter Dl of the shank bore portion 28a of the substantial identify of the pin 14a and sleeve 12a with 

to provide the predetermined amount of sleeve shank expan- the pin 14 and sleeve 12 as noted and the description of the 

sion during installation resulting in hole fill of the workpiece 65 only significant differences, a detailed description of the 

bores such as bores 24 and 26 of workpieces 16 and 18, similar components has been omitted for purposes of sim- 

respectively. In this regard the outside diameter D6 of the plicity. 
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While it will be apparent that the preferred embodiments 
of the invention disclosed are well calculated to fulfill the 
objects above stated, it will be appreciated that the invention 
is susceptible to modification, variation and change without 
departing from the proper scope or fair meaning of the 5 
invention. 

What is claimed is: 

1. A blind fastener for securing a plurality of workpieces 
having aligned workpiece bores comprising; 

a hollow sleeve having a through bore, 10 
said sleeve having a sleeve shank and an enlarged sleeve 
head at one end with said sleeve shank adapted to be 
located in the workpiece bores with a predetermined 
clearance, 

a pin, 15 

said pin having a pin shank and an enlarged pin head, said 
pin shank adapted to be located within said bore of said 
sleeve with said pin head located at the end of said 
sleeve shank opposite said sleeve head, 2Q 

said through bore of said sleeve having an expansion bore 
portion in said sleeve shank and a reduced diameter 
bore portion proximate thereto and defining a radially 
inwardly extending sleeve stop shoulder at the juncture 
of said enlarged and reduced bore portions, 25 

said reduced diameter bore portion located generally in 
said sleeve head, 

said pin shank having an increased diameter expander pin 
portion having a diameter greater than the diameter of 
said expansion bore portion to provide a preselected 30 
interference, 

said pin having a pin stop shoulder portion adjacent said 

expander pin portion, 
a lock groove located proximate said pin stop shoulder, 
said pin head adapted to engage said sleeve shank portion 

and to deform the same to form a blind head opposite 

said sleeve head in response to a relative axial force 

applied between said pin and said sleeve, 
said pin stop shoulder adapted to engage said sleeve stop ^ 

shoulder, 

said pin stop shoulder and said sleeve stop shoulder 
having engaging surface means for directing the mate- 
rial of said sleeve stop shoulder substantially radially 
inwardly into said lock groove to lock said pin and said 45 
sleeve together and to finally form a stop surface on 
said sleeve for stopping axial movement of said pin 
through said sleeve, 

said expander pin portion having a grooved section with 
a plurality of axially extending relief grooves circum- 50 
ferentially separated by expander segments, said 
expander segments defining a generally uniform circu- 
lar outer surface, said expander segments and said relief 
grooves being generally of the same circumferential 
width, said expander pin portion adapted to be moved 55 
into said expansion bore portion to expand it radially 
outwardly to fill the clearance between said sleeve 
shank and the workpiece bores with said relief grooves 
receiving excess material of said expansion bore por- 
tion after filling of the workpiece bores. 60 

2. The fastener of claim 1 with said sleeve stop shoulder 
defining a volume sufficient to generally fill the volume 
defined by said lock groove. 

3. The fastener of claim 1 with said relief grooves forming 

a secondary lock between said pin and said sleeve by the 65 
excess material of said expansion bore portion flowing into 
said relief grooves. 
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4. The fastener of claim 3 with said sleeve stop shoulder 
defining a volume sufficient to generally fill the volume 
defined by said lock groove to form a primary lock to hold 
said pin and sleeve together, said relief grooves forming a 
secondary lock between said pin and said sleeve by the 
excess material of said expansion bore portion flowing into 
said relief grooves. 

5. The fastener of claim 1 with said circumferential width 
of said expander segments and of said relief grooves being 
around 16°. 

6. The fastener of claim 1 with said sleeve shank being 
formed with a preselected hardness and having an interme- 
diate portion formed with a gradient of reduced hardness, 

said intermediate portion adapted to extend past the end 
surface of the adjacent workpiece and to deform radi- 
ally outwardly to form a blind head of bulbed configu- 
ration in response to the relative axial force applied to 
said sleeve shank by said pin head with said bulbed 
blind head formed to the end surface of the adjacent 
workpiece to clamp the workpieces together. 

7. The blind fastener of claim 1 with the workpiece bores 
having at least a section defined by axially straight portions 
and with said fastener adapted to secure workpieces having 
a determinable total thickness, 

said grooved section having a preselected axial length to 
substantially coincide with the axially straight portions 
of the workpiece bores and to extend partially past the 
end surface of the adjacent workpiece whereby said 
relief grooves are located a limited distance past the 
workpiece bores to provide additional volume to 
receive excess material of said sleeve shank from the 
radial expansion in filling of the axially straight por- 
tions of the workpiece bores. 

8. A blind fastener for securing a plurality of workpieces 
having aligned workpiece bores comprising: 

a hollow sleeve having a through bore, 

said sleeve having a sleeve shank and an enlarged sleeve 
head at one end with said sleeve shank adapted to be 
located in the workpiece bores with a predetermined 
clearance, 

a pin, 

said pin having a pin shank and an enlarged pin head, said 
pin shank adapted to be located within said bore of said 
sleeve with said pin head located at the end of said 
sleeve shank opposite said sleeve head, 

said through bore of said sleeve having an expansion bore 
portion in said sleeve shank and a reduced diameter 
bore portion proximate thereto and defining a radially 
inwardly extending sleeve stop shoulder at the juncture 
of said enlarged and reduced bore portions, 

said reduced diameter bore portion located generally in 
said sleeve head, 

said pin shank having an increased diameter expander pin 
portion having a diameter greater than the diameter of 
said expansion bore portion to provide a preselected 
interference, 

said pin having a pin stop shoulder portion adjacent said 
expander pin portion, 

a lock groove located proximate said pin stop shoulder, 

said pin head adapted to engage said sleeve shank portion 
and to deform the same to form a blind head opposite 
said sleeve head in response to a relative axial force 
applied between said pin and said sleeve, 

said pin stop shoulder adapted to engage said sleeve stop 
shoulder, 



01/30/2004, EAST Version: 1.4.1 



US 6,213 : 

15 

said pin stop shoulder and said sleeve stop shoulder 
having engaging surface means for directing the mate- 
rial of said sleeve stop shoulder substantially radially 
inwardly into said lock groove to lock said pin and said 
sleeve together and to finally form a stop surface on 5 
said sleeve for stopping axial movement of said pin 
through said sleeve, 

said expander pin portion having a grooved section with 
a plurality of axiaily extending relief grooves circum- 
ferentially separated by expander segments, said i° 
expander segments defining a generally uniform circu- 
lar outer surface, said expander segments and said relief 
grooves being generally of the same circumferential 
width, said expander pin portion adapted to be moved 
into said expansion bore portion to expand it radially 15 
outwardly to fill the clearance between said sleeve 
shank and the workpiece bores with said relief grooves 
receiving excess material of said expansion bore por- 
tion after filling of the workpiece bores, 

said pin having a pull portion adapted to be gripped by a 20 
tool for applying said relative axial force between said 
pin and said sleeve, 

a breakneck groove connecting said pull portion to said 
pin shank portion and being adapted to fracture at a 
preselected magnitude of said relative axial force, said 25 
breakneck groove connected with said annular lock 
groove by a generally uniform section of said pin shank 
portion, 

said sleeve stop shoulder located generally within the 3Q 
confines of said enlarged sleeve head whereby radial 
expansion of said sleeve is inhibited as said sleeve stop 
shoulder is deformed into said lock groove, 

said sleeve head having a preselected axial length, 

said breakneck groove being located a predetermined 35 
maximum axial distance from said lock groove 
whereby distortion of said lock groove in response to 
application of said preselected magnitude of said axial 
force is inhibited, 

said maximum axial distance being generally equal to said 40 
preselected axial length of said sleeve head, for finally 
locating said lock groove and said breakneck groove 
generally within the confines of said sleeve head. 

9. The fastener of claim 8 with said sleeve stop shoulder 
defining a volume sufficient to generally fill the volume 4s 
defined by said lock groove. 

10. The fastener of claim 8 with said relief grooves 
forming a secondary lock between said pin and said sleeve 
by the excess material of said expansion bore portion 
flowing into said relief grooves. 50 

11. The fastener of claim 8 with said sleeve stop shoulder 
defining a volume sufficient to generally fill the volume 
defined by said lock groove to form a primary lock to hold 
said pin and sleeve together, said relief grooves forming a 
secondary lock between said pin and said sleeve by the 55 
excess material of said expansion bore portion flowing into 
said relief grooves. 

12. The fastener of claim 8 with said circumferential 
width of said expander segments and of said relief grooves 
being around 16°. 60 

13. The fastener of claim 8 with said sleeve shank being 
formed with a preselected hardness and having an interme- 
diate portion formed with a gradient of reduced hardness, 

said intermediate portion adapted to extend past the end 
surface of the adjacent workpiece and to deform radi- 65 
ally outwardly to form a blind head of bulbed configu- 
ration in response to the relative axial force applied to 
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said sleeve shank by said pin head with said bulbed 
blind head formed to the end surface of the adjacent 
workpiece to clamp the workpieces together. 

14. The blind fastener of claim 8 with the workpiece bores 
having at least a section defined by axiaily straight portions 
and with said fastener adapted to secure workpieces having 
a determinable total thickness, 

said grooved section having a preselected axial length to 
substantially coincide with the axiaily straight portions 
of the workpiece bores and to extend partially past the 
end surface of the adjacent workpiece whereby said 
relief grooves are located a limited distance past the 
workpiece bores to provide additional volume to 
receive excess material of said sleeve shank from the 
radial expansion in filling of the axiaily straight por- 
tions of the workpiece bores. 

15. A blind fastener for securing a plurality of workpieces 
having aligned workpiece bores comprising: 

a hollow sleeve having a through bore, 

said sleeve having a sleeve shank and an enlarged sleeve 
head at one end with said sleeve shank adapted to be 
located in the workpiece bores with a predetermined 
clearance, 

a pin, 

said pin having a pin shank and an enlarged pin head, said 
pin shank adapted to be located within said bore of said 
sleeve with said pin head located at the end of said 
sleeve shank opposite said sleeve head, 

said through bore of said sleeve having an expansion bore 
portion in said sleeve shank and a reduced diameter 
bore portion proximate thereto and defining a radially 
inwardly extending sleeve stop shoulder at the juncture 
of said enlarged and reduced bore portions, 

said reduced diameter bore portion located generally in 
said sleeve head, 

said pin shank having an increased diameter expander pin 
portion having a diameter greater than the diameter of 
said expansion bore portion to provide a preselected 
interference, 

said pin having a pin stop shoulder portion adjacent said 
expander pin portion, 

a lock groove located proximate said pin stop shoulder, 

said pin head adapted to engage said sleeve shank portion 
and to deform the same to form a blind head opposite 
said sleeve head in response to a relative axial force 
applied between said pin and said sleeve, 

said pin stop shoulder adapted to engage said sleeve stop 
shoulder, 

said pin stop shoulder and said sleeve stop shoulder 
having engaging surface means for directing the mate- 
rial of said sleeve stop shoulder substantially radially 
inwardly into said lock groove to lock said pin and said 
sleeve together and to finally form a stop surface on 
said sleeve for stopping axial movement of said pin 
through said sleeve, 

said expander pin portion having a grooved section with 
a plurality of axiaily extending relief grooves circum- 
ferentially separated by expander segments, said 
expander segments defining a generally uniform circu- 
lar outer surface, said expander segments and said relief 
grooves being generally of the same circumferential 
width, said expander pin portion adapted to be moved 
into said expansion bore portion to expand it radially 
outwardly to fill the clearance between said sleeve 
shank and the workpiece bores with said relief grooves 
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receiving excess material of said expansion bore por- 
tion after filling of the workpiece bores, 
said expander pin portion having a leading end terminat- 
ing in a generally smooth tapered lead-in segment to 
facilitate initial movement into and initial radial expan- 5 
sion of said expansion bore portion of said sleeve 
shank, 

said expander pin portion having a lead expander segment 
with a generally uniform, continuous circular outer 
surface connecting said tapered lead-in segment to said 10 
grooved section, 

said outer surface of said lead expander segment being of 
substantially the same diameter as said expander seg- 
ments and being of a limited axial length to facilitate 
radial expansion of said expansion bore portion and 
flow of excess material of said sleeve shank into said 
relief grooves. 

16. The fastener of claim 15 with said sleeve stop shoulder 
defining a volume sufficient to generally fill the volume 
defined by said lock groove. 

17. The fastener of claim 15 with said relief grooves 
forming a secondary lock between said pin and said sleeve 
by the excess material of said expansion bore portion 
flowing into said relief grooves. 

18. The fastener of claim 15 with said sleeve stop shoulder 25 
defining a volume sufficient to generally fill the volume 
defined by said lock groove to form a primary lock to hold 
said pin and sleeve together, said relief grooves forming a 
secondary lock between said pin and said sleeve by the 
excess material of said expansion bore portion flowing into 30 
said relief grooves. 

19. The fastener of claim 15 with said circumferential 
width of said expander segments and of said relief grooves 
being around 16°. 

20. The fastener of claim 15 with said sleeve shank being 35 
formed with a preselected hardness and having an interme- 
diate portion formed with a gradient of reduced hardness, 

said intermediate portion adapted to extend past the end 
surface of the adjacent workpiece and to deform radi- ^ 
ally outwardly to form a blind head of bulbed configu- 
ration in response to the relative axial force applied to 
said sleeve shank by said pin head with said bulbed 
blind head formed to the end surface of the adjacent 
workpiece to clamp the workpieces together. 45 

21. The blind fastener of claim 15 with the workpiece 
bores having at least a section defined by axially straight 
portions and with said fastener adapted to secure workpieces 
having a determinable total thickness, 

said grooved section having a preselected axial length to 50 
substantially coincide with the axially straight portions 
of the workpiece bores and to extend partially past the 
end surface of the adjacent workpiece whereby said 
relief grooves are located a limited distance past the 
workpiece bores to provide additional volume to 55 
receive excess material of said sleeve shank from the 
radial expansion in filling of the axially straight por- 
tions of the workpiece bores. 

22. A blind fastener for securing a plurality of workpieces 
having aligned workpiece bores with the workpiece bores 60 
having at least a section defined by axially straight portions, 
said blind fastener comprising: 

a hollow sleeve having a through bore, 

said sleeve having a sleeve shank and an enlarged sleeve 
head at one end with said sleeve shank adapted to be 65 
located in the axially straight portions of the workpiece 
bores with a predetermined clearance, 



a pin, 



said pin having a pin shank and an enlarged pin head, said 
pin shank adapted to be located within said bore of said 
sleeve with said pin head located at the end of said 
sleeve shank opposite said sleeve head, 

said through bore of said sleeve having an expansion bore 
portion in said sleeve shank and a reduced diameter 
bore portion proximate thereto and defining a radially 
inwardly extending sleeve stop shoulder at the juncture 
of said enlarged and reduced bore portions, 

said reduced diameter bore portion located generally in 
said sleeve head, 

said pin shank having an increased diameter expander pin 
portion having a diameter greater than the diameter of 
said expansion bore portion to provide a preselected 
interference, 

said pin having a pin stop shoulder portion adjacent said 
expander pin portion, 

a lock groove located proximate said pin stop shoulder, 

said pin head adapted to engage said sleeve shank portion 
and to deform the same to form a blind head opposite 
said sleeve head in response to a relative axial force 
applied between said pin and said sleeve, 

said pin stop shoulder adapted to engage said sleeve stop 
shoulder, 

said pin stop shoulder and said sleeve stop shoulder 
having engaging surface means for directing the mate- 
rial of said sleeve stop shoulder substantially radially 
inwardly into said lock groove to lock said pin and said 
sleeve together and to finally form a stop surface on 
said sleeve for stopping axial movement of said pin 
through said sleeve, 

said expander pin portion having a grooved section with 
a plurality of axially extending relief grooves circum- 
ferentially separated by expander segments, said 
expander segments defining a generally uniform circu- 
lar outer surface, said expander segments and said relief 
grooves being generally of the same circumferential 
width, said expander pin portion adapted to be moved 
into said expansion bore portion to expand it radially 
outwardly to fill the clearance between said sleeve 
shank and the axially straight portions of the workpiece 
bores with said relief grooves receiving excess material 
of said expansion bore portion after filling of the axially 
straight portions of the workpiece bores, 

said sleeve stop shoulder defining a volume sufficient to 
generally fill the volume defined by said lock groove to 
form a primary lock to hold said pin and sleeve 
together, said relief grooves forming a secondary lock 
between said pin and said sleeve by the excess material 
of said expansion bore portion flowing into said relief 
grooves, 

said fastener adapted to secure workpieces having a 
determinable total thickness, 

said grooved section having a preselected axial length to 
substantially coincide with the axially straight portions 
of the workpiece bores and to extend partially past the 
end surface of the adjacent workpiece whereby said 
relief grooves are located a limited distance past the 
workpiece bores to provide additional volume to 
receive excess material of said sleeve shank from the 
radial expansion in filling of the axially straight por- 
tions of the workpiece bores. 

23. The fastener of claim 22 with said sleeve shank being 
formed with a preselected hardness and having an interme- 
diate portion formed with a gradient of reduced hardness, 
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said intermediate portion adapted to extend past the end 
surface of the adjacent workpiece and to deform radi- 
ally outwardly to form a blind head of bulbed configu- 
ration in response to the relative axial force applied to 
said sleeve shank by said pin head with said bulbed 5 
blind head formed to the end surface of the adjacent 
workpiece to clamp the workpieces together. 

24. The fastener of claim 23 with said pin having a pull 
portion adapted to be gripped by a tool for applying said 
axial force, a breakneck groove connecting said pull portion 10 
to said pin shank portion and being adapted to fracture at a 
preselected magnitude of said axial force, said breakneck 
groove connected with said annular lock groove by a gen- 
erally uniform section of said pin shank portion, 

said sleeve stop shoulder located generally within the 15 
confines of said enlarged sleeve head whereby radial 
expansion of said sleeve is inhibited as said sleeve stop 
shoulder is deformed into said lock groove, 

said sleeve head having a preselected axial length, 

20 

said breakneck groove being located a predetermined 
maximum axial distance from said lock groove 
whereby distortion of said lock groove in response to 
application of said preselected magnitude of said axial 
force is inhibited, 

said maximum axial distance being generally equal to said 
preselected axial length of said sleeve head, for finally 
locating said lock groove and said breakneck groove 
generally within the confines of said sleeve bead. 

25. A blind fastener for securing a plurality of workpieces 30 
having aligned workpiece bores comprising: 

a hollow sleeve having a through bore, 

said sleeve having a sleeve shank and an enlarged sleeve 
head at one end with said sleeve shank adapted to be 
located in the workpiece bores with a predetermined 35 
clearance, 

a pin, 

said pin having a pin shank and an enlarged pin head, said 
pin shank adapted to be located within said bore of said ^ 
sleeve with said pin head located at the end of said 
sleeve shank opposite said sleeve head, 

said through bore of said sleeve having an expansion bore 
portion in said sleeve shank and a reduced diameter 
bore portion proximate thereto and defining a radially 45 
inwardly extending sleeve stop shoulder at the juncture 
of said enlarged and reduced bore portions, 

said reduced diameter bore portion located generally in 
said sleeve head, 

said pin shank having an increased diameter expander pin 50 
portion having a diameter greater than the diameter of 
said expansion bore portion to provide a preselected 
interference, 

said pin having a pin stop shoulder portion adjacent said 
expander pin portion, 55 

a lock groove located proximate said pin stop shoulder, 

said pin head adapted to engage said sleeve shank portion 
and to deform the same to form a blind head opposite 
said sleeve head in response to a relative axial force 60 
applied between said pin and said sleeve, 

said pin stop shoulder adapted to engage said sleeve stop 
shoulder, 

said pin stop shoulder and said sleeve stop shoulder 
having engaging surface means for directing the mate- 65 
rial of said sleeve stop shoulder substantially radially 
inwardly into said lock groove to lock said pin and said 
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sleeve together and to finally form a stop surface on 
said sleeve for stopping axial movement of said pin 
through said sleeve, 

said expander pin portion having a grooved section with 
a plurality of axially extending relief grooves circum- 
ferentially separated by expander segments, said 
expander segments defining a generally uniform circu- 
lar outer surface, said expander segments and said relief 
grooves being generally of the same circumferential 
width, said expander pin portion adapted to be moved 
into said expansion bore portion to expand it radially 
outwardly to fill the clearance between said sleeve 
shank and the workpiece bores with said relief grooves 
receiving excess material of said expansion bore por- 
tion after filling of the workpiece bores, 

said relief grooves being of a radially shallow depth and 
having a generally arcuate contour smoothly blending 
with said generally circular outer surface of said 
expander segments, 

said relief grooves forming a secondary lock between said 
pin and said sleeve by the excess material of said 
expansion bore portion flowing into said relief grooves. 

26. The fastener of claim 25 with said radial depth of said 
relief grooves being between around 2% to around 2.5% of 
the diameter of said expander pin portion. 

27. The fastener of claim 25 with said expander segments 
having a preselected radius and with the arcuate contour of 
said relief grooves being generally at a radius of around one 
third of the radius of said expander segments. 

28. The fastener of claim 25 with said radial depth of said 
relief grooves being between around 2% to around 2.5% of 
the diameter of said expander pin portion, 

said expander segments having a preselected radius and 
with the arcuate contour of said relief grooves being 
generally at a radius of around one third of the radius 
of said expander segments, 

said relief grooves forming a secondary lock between said 
pin and said sleeve by the excess material of said 
expansion bore portion flowing into said relief grooves. 

29. The fastener of claim 25 with said sleeve shank being 
formed with a preselected hardness and having an interme- 
diate portion formed with a gradient of reduced hardness, 

said intermediate portion adapted to extend past the end 
surface of the adjacent workpiece and to deform radi- 
ally outwardly to form a blind head of bulbed configu- 
ration in response to the relative axial force applied to 
said sleeve shank by said pin head with said bulbed 
blind head formed to the end surface of the adjacent 
workpiece to clamp the workpieces together, 

said pin constructed of a material with a hardness of at 
least around 44 Rc and with said sleeve having an 
overall hardness of around 96 Rb and with the hardness 
of said intermediate portion being reduced to around 70 
Rb. 

30. A blind fastener for securing a plurality of workpieces 
having aligned workpiece bores comprising: 

a hollow sleeve having a through bore, 

said sleeve having a sleeve shank and an enlarged sleeve 
head at one end with said sleeve shank adapted to be 
located in the workpiece bores with a predetermined 
clearance, 

a pin, 

said pin having a pin shank and an enlarged pin head, said 
pin shank adapted to be Located within said bore of said 
sleeve with said pin head located at the end of said 
sleeve shank opposite said sleeve head, 
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said through bore of said sleeve having an expansion bore 
portion in said sleeve shank and a reduced diameter 
bore portion proximate thereto and defining a radially 
inwardly extending sleeve stop shoulder at the juncture 
of said enlarged and reduced bore portions, 5 

said reduced diameter bore portion located generally in 
said sleeve head, 

said pin shank having an increased diameter expander pin 
portion having a diameter greater than the diameter of 
said expansion bore portion to provide a preselected 10 
interference, 

said pin having a pin stop shoulder portion adjacent said 

expander pin portion, 
a lock groove located proximate said pin stop shoulder, ^ 
said pin head adapted to engage said sleeve shank portion 

and to deform the same to form a blind head opposite 

said sleeve head in response to a relative axial force 

applied between said pin and said sleeve, 
said pin stop shoulder adapted to engage said sleeve stop 20 

shoulder, 

said pin stop shoulder and said sleeve stop shoulder 
having engaging surface means for directing the mate- 
rial of said sleeve stop shoulder substantially radially 
inwardly into said lock groove to lock said pin and said 
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sleeve together and to finally form a stop surface on 
said sleeve for stopping axial movement of said pin 
through said sleeve, 

said expander pin portion having a grooved section with 
a plurality of axially extending relief grooves circum- 
ferentially separated by expander segments, said 
expander segments defining a generally uniform circu- 
lar outer surface, said expander segments and said relief 
grooves being generally of the same circumferential 
width, said expander pin portion adapted to be moved 
into said expansion bore portion to expand it radially 
outwardly to fill the clearance between said sleeve 
shank and the workpiece bores with said relief grooves 
receiving excess material of said expansion bore por- 
tion after filling of the workpiece bores, 

said sleeve shank having an enlarged counterbore at its 
open end connected to said expansion bore portion by 
a locating shoulder, 

said expander pin portion adapted to be moved into said 
counterbore with a slight interference fit generally up to 
said locating shoulder for pre-assembly prior to instal- 
lation. 

* * * * * 
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ABSTRACT 



A fastener, for example a nut element, for attachment to a 
plate-like component with an end face of the fastener having 
a recess within a raised contact surface and a plurality of 
projections and undercuts are provided in a sidewall of the 
recess. The base surface of the recess extends up to the bore 
of the fastener without the presence of a pilot portion and a 
plurality of recesses are provided in the contact surface for 
resisting rotation. The die button which serves for the 
attachment of the fastener to a plate-like component has a 
hole-forming punch projection which has a plurality of 
noses distributed around the periphery in the region of the 
transition to the planar surface of the die button. On attach- 
ment of the hollow element to a plate-like component in a 
press, the sheet metal part is perforated by a hole punch and 
is molded in form-locked manner by the die button, in 
particular by its hole-forming punch projection, into the 
recess of the hollow element. The connection as generated is 
particularly suitable for sheet metal parts which are sub- 
jected to changing loads in operation, and has a high 
resistance to twist-out and push-out. 

5 Claims, 10 Drawing Sheets 
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SELF-ATTACHING FASTENER, METHOD OF SUMMARY OF THE INVENTION 

FORMING^AME AND METHOD OF ^ ^ inventjfln * based on the object of providing 

t J A a fastener which can be manufactured economically and 

This is a continuation of co-pending application which 5 ™ s S ood a ^ nsi twist ' out > a re ^ble seat after 

U.S. Ser. No. 08/773,526 filed on Dec. 23, 1996,is a attachment to the plate-like component, and retains a firm 

continuation-in-part application of U.S. Pat. application Ser. seat even wth changing loads without bemg torn out of the 

No. 08/698,870 filed Aug. 16, 1996 now U.S. Pat. No. plate-like component and without loosening the bolt element 

5,782,594 which claims priority to German Patent Applica- that "* used " Another advantage is that the contact surface 

tion No. 19530466.7 filed on Aug. 18, 1995. in can be smaller m diameter in comparison to prior solutions 

but nevertheless of adequate size area-wise so that an 

BACKGROUND undesired high surface pressure does not arise at the plate - 

The present invention relates to self-attaching fasteners, a like compoaent. 

die button for use with such fasteners, a method of attaching In order to satisfy this object, provision is made in 

such fasteners to a plate -like component, and the assembly accordance with the invention for the base surface of the 

which results after carrying out the method and the method 15 fastener recess to extend up to the passage of the bore at least 

of forming the improved self- attaching fasteners. substantially preferably without a pilot portion. 

Fasteners of the general type having a hollow body or The pilot portion which played a central role with the 

bore, such as for example internally threaded nuts are known previously mentioned nut elements during the deformation 

from EP-A-0 553 822 Al or from the corresponding US-A-5 ^ 0 f the plate-like component into the recess may be omitted 

340 251. Similar elements having hollow bodies are more- in the disclosed embodiment of this invention. In this way, 

over known from US-A-3 234 987, from US-A-3 648 747 or the radial dimensions of the nut element can be reduced 

from US-A-3 253 631. approximately by the wall thickness dimensions of the 

All these known embodiments have a so-called pilot customary pilot portion, whereby the inner diameter of the 

portion. That is to say that the groove or recess at the end contact surface is made substantially smaller in diameter, 

face projecting toward the panel or part is restricted at the This however also offers the possibility of dimensioning the 

radially inner side by a projecting cylindrical pilot portion outer diameter of the contact surface in comparison to the 

which extends at least substantially up to the end face. inner diameter in such a way that the radial width of the 

Such fasteners are typically nut elements; however, for contact surface is larger. In this way an enlarged ring surface 

example they could have a cylindrical bore for receiving a 30 is present in comparison to the known hollow elements and 

spigot or the like. These fasteners offer relatively high the surface pressure can be reduced in operation. As a result 

security against rotation so that on screwing in a bolt of the changed dimensions the necessity of using a washer 

element the fasteners remain firmly anchored to the at the bolt side can be avoided. 

component, and moreover have a relatively high resistance In order to use this element with a hollow body, a 

to push-out. 35 modification of the die button and of the setting head is 

It has however been found that in operation with changing necessary to satisfy the functions previously satisfied by the 

loads the fasteners sometimes tear out of the plate -like pilot portion. In the prior art, the pilot portion serves on the 

component which is normally made of sheet metal. More- one hand as a hole punch in order to punch out a slug from 

over the manufacture of such elements or fasteners having the sheet metal part in cooperation with a die button. This 

hollow bodies is relatively costly and a problem exists that 40 punching function is now achieved by means of a hole punch 

the contact surface is frequently not adequate. Furthermore. which is coaxially guided in the setting head relative to the 

the radial dimensions of the part engaging surface of the hollow element and which, during the closing movement of 

fastener make it necessary to use a relatively large washer at the setting head, moves through the bore of the hollow 

the bolt side in order to transmit the forces in the desired element and in cooperation with the die button, serves to 

manner. 45 punch out a slug. 

Hie undercut in the sidewall of the fastener recess which A hole punch of this kind is known, for example from the 
is necessary to generate the required press-out resistance of German patent 34 46 978 or from DE-OS 38 35 566.3; 
the hollow body, is normally generated in such a way that the however, the hole punch is used there with a differently 
hollow element is subjected to a squeezing process at the shaped hollow element which, so to say, also has a pilot 
outer peripheral jacket with the sidewall of the recess being 50 portion in the form of a so-called rivetting section. Accord- 
brought from an initially axial parallel position into an ingly the use of a hole punch with a nut element without a 
inclined position. This results in the opening to the recess pilot portion is not believed to be obvious, 
between the pilot part and the now inclined sidewall to be Another function of the pilot portion in the hollow ele- 
smaller in comparison to the base surface of the recess. ment of the prior art lies in forming the metal of the sheet 
Additionally, as a result of this squeezing movement, the 5s metal component into the undercut in order to generate the 
hollow element also has an inclined surface at the outer security against push-out and additionally also the security 
jacket surface adjacent to the end face engaging the com- against twist-out. This function is also taken on by the die 
ponent. On attachment to the plate-like component, the button of the present invention and solved differently than 
wedge-shaped contact surface, facing the plate-like before. 

component, is frequently so deformed that it acts in a 60 To generate the security against twist-out for the hollow 

knife-like manner under load and a high surface pressure element of the present invention, a number of end face 

results between the component and the hollow element. recesses are pressed into the contact surface. The die button 

As a result of this high surface pressure the plate-like for the insertion of the nut element has a plurality of noses 

component yields after a few operating hours and no longer which ensure that the material of the plate -like component is 

sits as tightly as designed, so that the danger of settlement 65 pressed onto at least one of the end face recesses and 

and of reduction of the preload to zero exists, and thus the preferably into a plurality of the recesses and generates a 

danger of failure of the threaded connection. resistance against rotation. By way of example, eight 
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recesses can be provided in the contact surfaces and six In one preferred embodiment, the die member end face is 

noses on the die button whereby, independently of the inclined toward a central axis and the die member end face 

respective rotational position of the fastener, at least one of includes a plurality of spaced radially extending die recesses 

the noses lies opposite a recess. preferably having an arcuate bottom wall. The method then 

Through the use of a recess in the contact surface, 5 includes driving the die member projections into the flange 

undercuts are formed at the sidewall of the recess in the portions end face until the arcuate bottom wall surface of the 

hollow element simultaneously with the forming of the die recesses contact the flange portion end face. In another 

recesses by pressing and indeed in the form of local bead- preferred embodiment of this invention, the die member end 

like deformations or rib portions of the sidewall or outer wall facc mc]udes a simiatc projectirig dic porlion which forms 

of the fastener recess. During the attachment process the 10 ^ sinuatc rccess in ^ contact surfacc Qr cnd face of the 

sheet metal is pressed into the so formed undercuts which flangc poftion of me nut bknk ^ method thea 

additionally ensures the required resistance to push-out and driviQg tbe simiatc _ shapcd projection of the die member into 

on the other hand however also forms an additional resis- the flangc portion cnd face> forming a sinuate rcccss Qr 

tance against rotation. groovc m the end face of (he flangc porUon and simulta . 

Since the undercuts anse during the formation of the 15 neously deforming the sidewaU or outer wall of the fastener 

recess in the contact surface of the hollow element, and do recess radially inwardly forming the bead-like projections or 

not have to be generated by a squeezing movement at the rib port ions described above. In this embodiment, the end 

jacket surface of the hollow element, the hollow element face of the bead-like projections are generally co-planar with 

lacks the pronounced chamfer which arises with hollow the cnd facc of the flange portion and mclmcd from a mid 

elements in accordance with the initially named EP-A-0 553 20 portion of thc outer wall of the f^ner recess. 

822. This is however of advantage because it is then possible The me(hod of ^ &]sQ be ^ {Q f ofm a 

to form the transition from the contact surface into the jacket restricted m jQ other t of self _ attachmg fasteners 

surface of the hollow element with only a smafl radius for indudi fastener$ havin a mM ^ ^ 

example of less than 0.5 mm, whereby the available surface the fastener recess ma be ^ annular ^ surroundi 

of the contact surface is increased in comparison to the prior ^ ^ pilot portion or parallel &QQVCS of a pierce nut ^ 

a " method eliminates the requirement of forming re-entrant 

In a second preferred embodiment of the self-attaching gr00 ves or grooves having a dove-tailed configuration in a 

female fastener element of this invention, the end or contact rolling operation . other advantages and meritorious features 

face includes a continuous sinuate recess which extends of me present inverJ tion will be more fully understood from 

arcuately toward and away from the sidewall or outer wall 30 the appended drawings, claims and the description of the 

of the fastener recess. The outer wall or the fastener recess preferred embodiments below, 
is also sinuate in shape, conforming to the sinuate shape of 

the continuous recess and forming the bead-like deforma- DESCRIPTION OF THE DRAWINGS 

lions or rib portions. As described, the rib portions overly the The invention will be explained in more detail in the 

bottom wall of the fastener recess restricting the opening of 35 following with reference to embodiments having regard to 

the fastener recess and providing resistance to turning of the the drawings in which are shown: 

fastener when attached to a sheet metal part. In this preferred FIG. 1 is a plan view on the end face of an element having 

embodiment, the spaced bead-like deformations or rib por- a hollow body in accordance with the invention, with only 

dons are each inclined outwardly from the fastener recess 0 ne half of the hollow element being shown, 

outer wall, overlying the bottom wall. 40 FIG. 2 is a partly sectioned side view of the hollow 

The method of making a self- attaching female fastener element of the invention in accordance with FIG. 1, 

element of this invention includes forming a nut blank FIG. 3 is a schematic illustration of the first phase of a 

having a central axis, a projecting flange portion on at least method of the invention for attachment of the hollow 

opposed sides of the central axis having a generally planar element of FIGS. 1 and 2 to a plate-like component, 

end face or contact surface and a fastener recess having a 45 FIG. 4 is a later phase of the method of the invention 

bottom wall and an outer wall defined by the flange portion shortl before the perforation of me p i ate _like component, 

extending generally perpendicular to the fastener recess FIG. 5 is a later phase of the method of the invention 

bottom wan. In a ^ immediately after the perforation of the plate-like 

fastener bore will be partially formed in the nut blank. One J * F 

preferred embodiment of the method of this invention then 50 „ T V, , c ^ , , ? . - 

includes deforming the flange portion end face with a die . FIG * * a f 11 la * r P ha f u of h f ™ thod of thc mventl0D 

member having an end face including a plurality of spaced dunn S deformation of the plate-like component, 

projections separated by die recesses. The method includes FIGS ' 7 > and 7Aare ^ eod of ^ method of the invention 

driving the projections of the die member end face into the after the attachment °f ui e hollow element to the plate-like 

flange portion end face forming an end face recess in the 55 ™P™**. with FIG. 7A showing the arrangement of the 

flange portion end face and generally simultaneously die button in ^ lower tool > 

deforming the fastener recess outer wall inwardly toward the p IG. 8 is a P artl Y sectioned side view of the assembly 

central axis forming a plurality of spaced projecting bead- consisting of tbe hollow element of the invention and a sheet 

like deformations or rib portions as described above. The die metal part, 

recesses limit the penetration of the die member projections. 60 FIG. 9 is a somewhat modified embodiment of the hollow 

When the bottom surface of the die recesses contact the end element of FIG. 1 in an illustration corresponding to that of 

face of tbe flange portion, the force required for further FIG. 2, 

deformation significantly increases and the press ram setting FIG. 10 is a further modification of the hollow element of 

can then be set to stop further deformation. This assures very FIG. 1, likewise in a representation in accordance with FIG. 

accurate formation of the bead-like projections or rib por- 65 2, 

tions and accurately defines the diameter of the opening to FIG. 11 is a plan view of the contact surface of the hollow 

the fastener recess. element of FIG. 10, 
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FIG. 12 is a further illustration of a further embodiment As materials for the self- attaching or riveting elements, all 

of the hollow element of FIG. 1, again in an illustration in materials can be used which in the context of cold forming 

accordance with FIG. 2, achieve the strength values of class 8 in accordance with the 

FIG. 13 is a top view of a die member which may be used ISO-standard, for example a 35 B2-alloy in accordance with 

in the method of this invention to form the self-attaching, 5 DIN 1654. The so formed hollow elements or nut elements 

female fastener element shown in FIGS. 10 and 11, are suitable, amongst other things, for all commercially 

FIG. 14 is a side view of the die member shown in FIG. available steel materials for drawn quality sheet metal parts 

23 and also for aluminum or magnesium or their alloys. The 

FIG. 15 is an end perspective view of the die member ™ te can ak ° be formed in other materials, for example in 

shown in FIGS 13 and 14 10 annmnum alloy, m particular in an aluminum alloy of higher 

FIG. 16 is an end perspective view of a die member which StI f n§t f?' , , . . A . - , . 
may be used in the method of this invention to form the 11 ^ be ™ d ^ t0 ° d that m FIG. 2 the formation of the 

self-attaching fastener element shown in FIGS. 1 and 2, ™ { ekment * l lhe n &\ h ^ S1 ? e ° f the central *** 22 18 

... . t . C „ T „ 10 . 4l _ identical to that on the left hand side. 

FIG. 17 is an end cross-sectional view of FIG. 18, in the n * ^ 

direction of view arrows 17—17, ^ manner of attachment of the self-attaching element of 

io . , . c.u j. , , FIGS. 1 and 2 in a plate-like component in the form of a 

FIG. 18 is a side cross-sectional view of the die assembly . t , , . A ~ . ■ F 

j • . « .« • f t e tl _ ,/ sheet metal part 42 will be subsequently explamed m more 

used m the method of this invention to form the self- , . 4l _ * , „ / o 

„ . . r , , . . • nr-c 1 a 1 i detail with reference to FIGS. 3 to 8. 

attaching fastener element shown in FIGS. 1 and 2, and A * 

FIGS. 19A-C illustrate various stages in the formation of 20 . In FIG j 3 *e follow element 10 of the invention K shown 

the self-attaching fastener element shown in FIGS. 1 and 2 "? an on 'y ^ At f * ated f*Z* head f whl ?, h haS a 

illustrating one prefened embodiment of the method of this Pf M « er 4 * a " d ak ,° a ^ punch 48 arranged coixially to the 

invention plunger 46. A setting head of this kind is known per se in 

principle from the above-mentioned German specifications, 

DESCRIPTION OF THE PREFERRED i.e. DE-PS 34 46 978 and DE-OS 38 35 556.3. 

EMBODIMENTS OF THIS INVENTION 25 Beneath the sheet metal part 42 there fe located a ^ 

As seen in FIGS. 1 and 2, the disclosed embodiment of the button 50 which, as is for example illustrated in FIG. 7A, is 
self- attaching hollow element or fastener 10 consists of an inserted as a cylindrical component into a cylindrical bore 
essentially cylindrical body of metal having a projecting 51 of a lower tool 52 of a press and is held at the correct 
annular flange portion with an end face 12 which, after 30 height, flush with the surface of the lower tool 52 by means 
attachment of the element to a plate-like component, faces of a spacer 54. The die button 50 has a central bore 56 which 
the plate-like component. The end face 12 has a fastener merges via a ring shoulder 58 into a larger bore 60. The end 
recess 14 which is arranged within a raised or projecting face 62 of the die button 50 has a planar surface 64 which 
contact surface 16, with the base surface or bottom wall 18 lies flush with the upper surface 66 of the lower tool 52. 
of the fastener recess extending up to the bore 20 of the 35 Furthermore the end face of the die button 50 has a hole- 
hollow element 10. The bore 20 has a central axis 22 which forming punch projection 68. The bore 56 which forms the 
at the same time represents the longitudinal axis of the aperture of the punch projection 68 has a cutting, edge 70 
hollow element and is formed as a threaded bore with a with an inner diameter which corresponds to that of the bore 
thread 24, so that the hollow element shown is a nut element. of the hollow element. The end face 72 arranged coaxial to 

The base surface 18 of the fastener recess 14 merges via 40 the longitudinal axis 22 and which stands at least substan- 

a shoulder 26 into a surface 28, with the outer diameter of tially perpendicular to this axis has a rounded drawing edge 

the surface 28 being fractionally larger than the outer 74 at the transition to the jacket surface of the hole-forming 

diameter D of the thread 24 provided in the bore 20. One P unch projection 68. 

notes that the bore 20 or the thread 24, the surface 28, the Aplurality of noses 76 are arranged at intervals around the 

shoulder 26 and the recess 14 as well as the contact surface 45 punch projection. In this example six such noses are pro- 

12 lie coaxial to the central axis 22 of the hollow element 10. vided which are uniformly arranged around the hole- 

The further end face 31 of the hollow element is in this forming punch projection 68. The noses 76 have an inclined 

embodiment is made flat and simply provided with a small surface 78 and are formed in raised manner both at the jacket 

countersink 32 which forms a clean transition to the thread surface of the hole-forming punch projection 68 and also at 

24. 50 the planar end face 64 of the die button 50. 

The stepped jacket surface 34 of the flange portion of the The noses 76, which are as a whole rounded at all surfaces 

hollow element merges via a small radius 36 into the end are made somewhat narrower than the recesses 38 in the 

face 12 and this radius 36 is preferably made smaller than contact surface 16 of the nut element 10. Through the use of 

0.5 mm, for example 0.3 mm. the same reference numeral 22 it is made clear that the hole 

In the disclosed embodiment, the contact surface 16 has 55 punch 48, the plunger 46, the lower end face 77 of the setting 

eight end face recesses 38 which, as can be seen from FIG. nea °\ lhe hollow element 10 and the die button 50 of the 

2, are made substantially wedge-shaped and have their lower tool 52 and also the bore 56 and the bore 60 of the die 

greatest depth at the transition into the sidewall or outer wall button and ultimately also the through-bore of the spacer 54 

15 of the fastener recess 14. In plan view the recesses 38 are are all coaxially arranged. 

approximately rectangular as can be seen from FIG. 1. These 60 The setting head 44 itself is arranged in known manner at 

recesses are generated by cold forming during the manufac- the upper tool of a press and is so designed, in the usual 

ture of the nut element as described below and the corre- manner, that the respective nut elements 10 pass through an 

sponding deformation of the hollow element blank leads to inclined channel into the bore 80 of the setting head 44 and 

bead-like projections or projecting portions 40 in the outer are subsequently guided by means of the plunger 46 during 

wall of the fastener recess 14, with these projections leading, 65 closing of the press to the end face of the setting head, 

as can clearly be seen from the left side of FIG. 2, to bcal On closing of the press, for example for the shaping of the 

undercuts 41 in the sidewall of the fastener recess 14. sheet metal part by the lower tool 52 in combination with an 
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upper non-illustrated tool, the setting head moves from the contact surface is present so that the surface pressure can be 

position of FIG. 3 to the position of FIG. 4. The lower end readily kept within permissible limits dependent on the 

face 77 of the setting head 44 comes into contact with the material, and indeed also with a hollow element of a 

sheet metal part 42 in this way and the sheet metal part is in comparatively small diameter. The recesses 88 which are 
turn pressed against the end face 72 of the die button 50. A 5 generated by the noses 76 in the sheet metal part are also 

further downward movement of the housing 79 of the setting evident in FIG. 8. 

head is prevented at this stage, the housing 79 of the setting Although the hollow elements shown here all have a 
head deflects rearwardly somewhat relative to the down- circularly cylindrical jacket surface, i.e. a circular cross- 
wardly moving tool of the press. This also applies to the section in P laDe «cw, other cross-sectional shapes, for 
plunger 46 which advantageously presses against the shoul- 10 exa ™ple polygonal shapes or oval shapes or cross-sectional 
der 35 of the hollow element and not against the end face 31, sha P es havin S grooves can also be used. The expression 
whereby the danger of damaging the thread 34 is effectively "ring-like" will also be understood to mean not only circular 
avoided. The upper tool of the press however drives the hole rin S s but rather Aso rin S shapes which differ somewhat from 
punch 48 further downwardly initially into the position of a circular ring shape, such as for example a polygon. The 
FIG. 5. During this movement, the hole punch 48 cuts a slug 15 sidewall 41 of the recess 14 can also take the form of a 
82 out of the sheet metal part 42 in cooperation with the polygon or multi-sided figure. Further, although the self- 
cutting edge 70 of the hole-forming punch projection 68 of attaching fastener element and method of installation of this 
the die button 50, as shown in the sequential drawing of FIG. invention has particular advantages as a pilotless annular 
5. In this manner a punched hole 83 is formed in the sheet fastening element, it will be understood that these advan- 
metal part 42. One can see from this drawing that the hole 20 ta S cs ma y also be incorporated in a self-attaching element 
punch 48 is slidingly received in the bore 56 of the die button having a central pilot including pierce nuts having parallel 
50 as well as in the bore 20 of the hollow element 10. re-entrant grooves. Various variants of the invention can be 

TTieslug82canberemovedthroughthebore60ofthedie ™" Ceiv f cd of ^ M< * Tl^V?^ * m ° K 

button 50 and the larger diameter of this bore 60 in com- ™ h r L cferencc to me ***** 9 to 12 ' 

parison to the bore 56 ensures that the slug moves easily 25 h the embodiment of FIG. 9, a projection 100 is located 

under gravity and does not become caught or stuck. m the base re S lon of fastener iecess 14 ™* projection 

rv • a. c 1 c At- AL 1W is not to be regarded as a pilot portion since it merely 

Dunng the fiirthcr closing movemen of toe press the enabUs (he use of a shorteQed ^ of reductioii k ^ 

housing 79 of the setting head 44 and the plunger 46 are bei ^ t of ^ hoUow element bm otherwis6 has nQ 

jointly moved further downwardly, as shown m FIG. 6, T , JrZ„ iA l„„„„„ u- ~ ui * a *w - 

u u *l l 1 c * • , « s 0 A . J 30 It would however be conceivable to provide this projection 

whereby the hole-forming punch projection 68 or, stated 1Aft ... , - K J , 

3 . . aaa a -i f <L . , 100 with noses and/or recesses, with the deformation of the 

more precisely, the rounded drawing edge 74 of the hole- . . m . , „ t ■ t iU Al . . 

e . l • c „ & -- c 4 - . A sheet metal part against the noses and/or recesses making it 

torming punch projection forms a collar 75 from the sheet « U1 t * ■ 

*i • «i j*u u a u i o-i -j • possible to achieve an additional security agamst rotation. A 

metal material around the punched hole 83 while widening ~u c :„„ n c a,- - iU mi a u 

t «. i » i i ' a c . lL 6 design ot this kind with noses 102 and recesses 104 can be 

out the punched hole. This deformation continues up to the . A . , t . , 

Ai . ci^ n a i-t^ 35 secn in FIG. 12 and here the undercut is not only present 

end stage as shown in FIG. 7 and one can see from FIG. 7 tU u *u c n i t_ r ri n * 

*u u t f u * ,o . i r j through the formation of local recesses such as 38 in FIG. 1 

that the hole-forming punch projection 68 has so deformed 4U ■ *u c * a u * n c *i_ 

.u^f ~ * i * • 1 *u ii ^ff *u ♦ u u but rather in the form of a sidewall or outer wall of the 

the sheet metal material, or the collar 75, that this has been * , ,„u* u u u • r a ii j % 

, . r iij ..ur. tasteoer recess 14 which has been mclined all around Us 

pressed in form-locked manner into the fastener recess 14 of „,u^«u„ - ■ 1 f * * »u 

k rt n™ ^i ♦ ^ • * a * An periphery whereby a conical fastener recess 106 of the 

the hollow element and into the undercuts 40. ♦ * • # a c- ■ *l u j- . c 

40 contact surface is generated. Since in the embodiment of 

As a result of the different number of noses 76 in F IG. 12 the recesses 38 which form a security against 

comparison to the number of end face recesses 38 in the rotation are missing and the sidewall is an inclined wall, the 

contact surface or end face 16 of the hollow element, it is noses 10 2, 104 represent the only security against rotation, 

ensured that at least one nose comes fully into alignment In the emb odiment of FIG. 10, the contact surface 16 is 

with an end face recess 38, and indeed without having to 45 ided with a end face recess 108 which for 

take any measures to secure the rotational position of the le has a semidrcular cross . section and ^ depressed at 

hollow element about the central axis 22. At least partial several circum f ereatial i ocations m order to ^ f ^ rm bead . 

alignment with the noses of the die button can be expected ^ rojections or rib 40 here , as in the embodiment 

for at least some of the other end face recesses 38, so that a of mG j WheD ^ a rofiled contact surface ^ die 

form-locked contact also arises there, whereby the security 5Q button should have a corresponding profi i e ^ mat the sheet 

against rotation is ensured. metal [ks flush w{th ^ whole CQntact surfacc ^ ^ 

Since the bead-like projections 40 which form the under- tinuous end face recess 108 can also be so formed in the 

cuts likewise lead to a corrugated surface of the sidewall of manner shown in FIG. 11, i.e. as a sinuate corrugated recess 

the fastener recess 14 the form-fitted contact of the sheet in plan view curving toward and away from the fastener 

metal part against this sidewall likewise provides a signifi- S5 recess 14 and wherein the rib portions 40 follow the sinuate 

cant contribution to the rotational security of the connection. contour of the recess or groove 108. When the die button has 

In the step illustrated in FIG. 7, the press opens again and a form complementary to this as disclosed below, the 

the workpiece 42 together with the attached hollow element required security against rotation is ensured by this recess 

is ejected from the press or removed from the press and then 108. This recess 108 can also be so executed that the inner 

presents itself as shown in FIG. 8. One can see from FIG. 8, 60 sidewall of the fastener recess 14 which receives projections 

that the inner diameter of the collar 75 of the sheet metal part 40 which also form undercuts which serve to generate the 

42 is somewhat larger than the outer diameter of the thread required push-out resistance and also offer an additional 

24, so that the sheet metal part cannot prevent the insertion security against rotation. 

of a bolt. The bolt which its into the thread 24 is normally An advantage of the hollow element of the invention lies 

introduced in the direction of the arrow 86 and customarily 65 in the fact that one hollow element can be used with sheet 

serves to secure a second sheet metal part to the sheet metal metal components of various thicknesses, for example metal 

part 42. It can be seen clearly from FIG. 8 that a considerable sheets in the range from 0.75 mm to 2.25 mm. It is only 
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necessary to use a matching die button with the hole- 
forming punch projection having to have a larger diameter 
for thinner metal sheets than for thicker metal sheets. 

FIGS. 13 to 15 illustrate one embodiment of a die member 
110 suitable for forming the end face recesses 38 and rib 5 
portions or bead-like projections 40 of the fastener shown in 
FIGS. 10 and 12 described above. The die member includes 
a body portion 112, and annular end face 114 and a central 
bore 116. The annular end face 114 is sinuate as best shown 
in FIGS. 13 and 15, including radially inwardly projecting 10 
arcuate portions 118 and radially outwardly projecting arcu- 
ate portions 120. As best shown in FIG. 14, the annular end 
face 114 is also sinuate in the side view, including projecting 
portions 122 separated by recesses 124. The method of 
forming a self-attaching female fastener element using the 15 
die member shown in FIGS. 13 to 15 is described below. It 
will be understood by those skilled in the art, however, that 
the projecting portions 122 of the annular end face 114 may 
be discontinuous, rather than the preferred continuous sinu- 
ate form shown in FIGS. 13 to 15. 20 

The die member 128 shown in FIGS. 16 to 18 is specifi- 
cally adapted to form the end face 12 of the self -attaching 
female fastener element 10 shown in FIGS. 1 and 2 as 
described below. The die member 128 includes a body 
portion 130 having an annular end face 132 surrounding a 25 
central bore 134. In this embodiment, the end face 132 is in 
the form of a truncated cone which tapers upwardly to the 
central bore 134. A plurality of spaced radially extending 
channel-shaped recesses 136 are formed in the annular end 
face 132 defining projecting radial portions 138 therebe- 30 
tween. In the disclosed embodiment, the recesses include an 
arcuate bottom wall 140 as shown in FIGS. 16 and 18. The 
radially extending recesses 136 are spaced from the cylin- 
drical outside surface 142 of the body portion 130 and the 
axial bore 134. 35 

FIG. 19 illustrates the final forming steps of the self- 
attaching female fastener 10 shown in FIGS. 1 and 2. First, 
a nut blank is formed generally as shown in FIG. 19A. The 
nut blank 10A includes a fastener recess 14A surrounding 
the partial bore 20A formed in the nut blank in prior forming 40 
steps, not shown; however, the outer sidewall 15A is gen- 
erally cylindrical and the panel -supporting end face is pla- 
nar. The external configuration of the nut blank may be 
identical to the female fastening element shown in FIGS. 1 
and 2 and has been numbered accordingly. 45 

The nut blank 10B is then formed by the die member 
shown in FIGS. 16 and 17 as now described in regard to 
FIGS. 18 and 19B. The nut blank 10A is received in a 
cylindrical nose member 144 beneath a reciprocating 
plunger which drives the nut against the annular end face 50 
132 of the die member. Alternatively, the die member 128 
may be driven against the end surface 12A of the nut blank, 
as shown in FIG. 18. As the conical annular end face 132 of 
the die member 128 is driven against the end face 12Aof the 
nut blank 10A as shown in FIG. 18, the projecting portions 55 
138 between the radial die recesses 136 deforms the metal 
of the nut blank adjacent the opening to the fastener recess 
forming a wedge shaped end face recesses 38, as shown in 
FIG. 2, and substantially simultaneously deforms the bead- 
like projections 40 overlying the bottom wall 18 of the 60 
fastener recess 14 as described above in reference to FIGS. 
1 and 2. The amount of deformation of the end face 12 of the 
nut blank is controlled by the bottom wall 140 of the radially 
recesses in the die member 128. When the bottom walls 140 
of the die member recesses engage the end face 12A of the 65 
nut blank, the force required for further deformation signifi- 
cantly increases. Thus, the force of the die is easily set to 
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stop further deformation. This results in very accurate form- 
ing of the bead-like projections or ribs 40 and the end face 
recesses 38, such that the inside diameter between the bead 
like projections 40 is very accurately controlled. This accu- 
rate formation of the undercuts 41 (see FIG. 2) is important 
in the attachment of the self-attaching female fastening 
element described above. The bore 20 in the nut blank 10C 
is then completed by driving a punch through the partially 
formed bore opening 20B as shown in FIG. 19C. The bore 
may remain unthreaded where a thread- forming stud or male 
fastener is used or the bore may be threaded by a conven- 
tional tapping operation as shown in FIGS. 1 and 2. 

Although the pilotless self-attaching female fastening 
element 10 of this invention has several advantages over the 
prior art as described above, the method of forming a 
fastener element of this invention may also be used to form 
an undercut having spaced bead-like projections or ribs 40 
in many types of fasteners. For example, this method may be 
used to form a re-entrant groove or a groove having a 
restricted opening in a fastener of the type disclosed in U.S. 
Pat. No. 4,971,499 or piloted fasteners of the type discussed 
above. A fastener of the type shown in FIGS. 10 and 11 may 
be formed with the die member shown in FIGS. 13 to 15 by 
the same method disclosed above in regard to FIG. 18. That 
is, the nut blank 10A is located opposite a die member as 
shown in FIG. 18, except that the die member will be 
generally as shown in FIGS. 13 to 15. The projecting 
portions 122 of the die end face 114 is then driven into the 
end face 12A forming a continuous recess sinuate 108 in the 
contact surface 16 of the nut blank 10A, which simulta- 
neously forms the spaced bead-like projections or ribs 
overlying the bottom wall of the fastener recess as shown in 
FIGS. 10 and 11. As will be understood by those skilled in 
the art, various configurations of fastener elements may be 
formed by this method and this method may be used to form 
a restricted opening to the recess in any type of self- 
attaching fastener. 

What is claimed is: 

1. A method of making a self-attaching female fastening 
element for attachment to a sheet metal part, said method 
comprising the following steps: 

forming a nut blank having a central axis, a projecting 
flange portion on at least opposed sides of said central 
axis having a generally planar end face, and a fastener 
recess having a bottom wall and an outer wall defined 
by said flange portion extending generally perpendicu- 
lar to said fastener recess bottom wall; and 

deforming said flange portion end face with a die member 
having an end face including a plurality of spaced 
projections separated by die recesses, said method 
including driving said projections of said die member 
end face into said flange portion end face forming an 
end face recess in said flange portion end face, and 
generally simultaneously deforming said fastener 
recess outer wall inwardly toward said central axis 
forming a plurality or spaced projecting rib portions 
projecting from said fastener recess outer wall gener- 
ally adjacent said flange portion end face overlying said 
fastener recess bottom wall and defining spaced 
inclined undercuts at the opening to said fastener 
recess. 

2. The method of making a self-attaching female fastening 
element as defined in claim 1, wherein said spaced die 
recesses in said die member end face include a bottom 
surface, said method including continuing to drive said die 
member projections into said flange portion end face until 
said die recesses contact said flange portion end face, 
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thereby limiting deformation of said fastener recess outer 
wall and accurately forming said projecting rib portions. 

3. The method of making a self -attaching female fastening 
element as defined in claim 1, wherein said die member end 
face is inclined toward a central axis of said die member, and 5 
said spaced die recesses including a generally arcuate bot- 
tom wall, said method including continuing to drive said die 
member projections into said flange portion end face until 
said arcuate bottom wall surface of said die recesses contact 
said flange portion end face, thereby limiting deformation of 10 
said fastener recess outer wall and accurately forming said 
projecting rib portions. 

4. The method of making a self -attaching female fastening 
element as defined in claim 1, wherein said method includes 
forming a bore through said nut blank coincident with said 



12 



central axis following deformation of said flange portion end 
face with said die member. 

5. The method of making a self-attaching female fastening 
element as defined in claim 1, wherein said die member end 
face comprises an annular surface surrounding a central 
bore, said annular surface including a plurality of radial die 
recesses spaced from said central bore defining said projec- 
tions therebetween, said method including driving said die 
member end face annular surface into said planar flange 
portion end face, said die member end face projections 
deforming said flange portion end face forming a plurality of 
spaced end face recesses in said flange portion end face and 
deforming said fastener recess outer wall radially inwardly 
toward said central axis forming said projecting rib portions. 
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[57] ABSTRACT 

A deformable metal rivet is permanently attached to a 
sheet metal wall by deforming a tubular extension on 
the free end of the rivet shank around an inwardly di- 
rected rim surrounding an opening in the sheet metal 
wall. The resultant article includes a rivet that has an 
extension turned around the inwardly directed rim sur- 
rounding a hole which receives the rivet to clinch the 
rivet on the sheet metal wall. 

1 Claim, 9 Drawing Figures 
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SECURING OF RIVETS TO PORTABLE ARTICLES BRIEF^>ESCRji^^ 

BACKGROUND OF THE INVENTION FIG. 1 shows a die and piercing punch for forming a 

This invention relates to the securing of rivets to 5 hole and inwardly directed rim in a wall portion of an 

portable articles for the reception of carrying handles article; 

for the articles, and more particularly to such articles FIG. 2 is a view similar to FIG. 1 showing the parts 

having wall portions formed from sheet metal, such as after the hole and rim have been formed; 

cans for holding paint or other substances. FIG. 3 shows a punch, anvil and rivet arranged for 

Whereas U.K. Pat. Application No. 19652/72 de- 10 attachment to the wall portion; 

scribes how the rim of a hole for a rivet can be folded or FIGS. 4 through 7 show the various stages of rivet 

turned back on to the associated wall portion to provide and rim deformations and the position of the punch and 

a certain amount of resilience to effect the required seal anvil at each stage; 

between the rivet and the wall portion, the object of the FIG. 8 shows the final condition of the rivet and wall 

present invention is also to provide a stronger mechani- 15 after the rivet is clenched on the wall; and 

cal grip between the rivet and the wall portion than has FIG. 9 is a plan view of a carrying handle adapted to 

hitherto been usual. be attached to the rivets. 

SUMMARY OF THE INVENTION DETAILED DESCRIPTION 

According to one aspect of the invention, therefore, a 20 While this invention is susceptible of embodiment in 

method of securing a defonnable metal rivet to a sheet many different forms, there is shown in the drawings 

metal wall portion of a portable article comprises form- and will herein be described in detail a preferred em- 

ing a hole in the wall portion with an inwardly directed bodiment of the invention with the understanding that 

rim, inserting a rivet into the hole, and deforming the the present disclosure is to be considered as an exempli- 

rivet in a manner such that it is first turned round the 25 fication of the principles of the invention and is not 

inwardly directed rim of the hole and then clenched intended to limit the invention to the embodiment illus- 

thereon. , trated. 

The two-stage deformation of the rivet results in the In FIGS. 1 and 2 a die 1 has a recess 2 in which a 

inwardly directed rim of the hole being prevented from sleeve 3 is spring-loaded upwardly, and a piercing 
being folded or turned back on to the associated wall 30 punch 5 has a leading portion 5 for piercing a hole 6 in 

portion. However, as the rivet is turned round the rim a sheet metal wall portion 7. Piercing punch 4 has an 

the latter is deformed towards the associated wall por- enlarged body portion 8 which has a diameter less than 

tion so as to become keyed in the deformed material of the recess 2 in the die 1 but greater than the opening in 

the rivet and be gripped tightly when the rivet is shade 3 for deforming the rim 9 of the pierced hole into 

clenched thereon, whereby the rivet is very firmly seal- 35 the recess 2. The spring-loaded sleeve 3 serves to eject 

ingly secured to the wall portion. Indeed, the rivet is so the rim 9 of the pierced hole from the recess 2 when the 

firmly secured that it cannot be parted from the wall punch 4 is withdrawn. 

portion by pulling the rivet without effecting irrepara- in FIGS. 3 to 7 a rivetting punch 10 is reciprocable 

ble damage to the wall portion. towards and away from an anvil 11 to effect driving of 

According to another aspect of the invention, a porta- 40 a defonnable metal rivet 12 through the hole 6 in the 

ble article has a pair of metal rivets each secured to a sheet metal wall portion 7 and rivetting therein. The 

respective wall portion of the article with shanks of the rivet may be fed by any of the usual magazine feeds (not 

rivets, each of which has a head, protruding outwardly shown); and the anvil may be provided with an axially 

from the wall portions, wherein the wall portions are of retractable central pin 13 (shown in broken line in FIG. 

sheet metal and each has a hole with a rim directed 45 3 only) for assisting manual location of the hole in the 

inwardly, and the associated rivet has an extension fit- wall portion and possibly also a hole in one end of a 

ting through the hole, turned round the inwardly di- metal handle (not shown) to be rivetted at the same 

rected rim of the hole and clenched thereon. time, but an anvil in an automated production line will 

A carrying handle having a pair of apertures thereon not require such a pin as precise location can be effected 

of a size intermediate the shanks and the heads of the 50 as part of accurately controlled intermittent movement 

rivets may be secured to the article by passing each of the metal sheet 

rivet through a respective one of the apertures in the The rivet 12 has a shank 14, with enlarged head 15 at 

handle before the extension is fitted through the hole one end, and reduced extension 16 at the other end of 

and deformed. Alternatively, the rivets may be ar- the shank for fitting through the hole 6. The extension 

ranged to receive a detachable carrying handle, for 55 16 of the rivet is tubular, so as to assist the operative 

example as disclosed in U.K. Pat. Specification No. surface 17 of the anvil 11 is producing the desired defor- 

1,323,261. mation of the rivet. 

The extension of the rivet is preferably initially tubu- The anvil 11 has a coaxial annular element 18 extend- 
er so as to facilitate turning it round the inwardly di- ing beyond the operative surface 17 to an extent such 
rected rim of the hole, but the formation of tooling for 60 that the edge of the rim 9 of the hole 6 in the sheet metal 
effecting deformation of the rivet (whether provided wall portion 7 directed towards the anvil cannot make 
with a tubular extension or not) is important in ensuring contact with the operative surface. For convenience of 
the two-stages of deformation. manufacture and maintenance the annular element 18 is 

All these aspects of the invention will now be de- formed as a separate sleeve counterborcd to form an 

scribed with reference to the accompanying drawings 65 annular abutment 19 seating on an annular shoulder 20 

which show in enlarged fragmentary sections various on the anvil. 

stages in the application of a rivet to a sheet metal wall The extension 16 of the rivet 12 driven by the rivet- 
portion, ting punch 10 is deformed by the operative surface 17 of 
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the anvil 11, the deformed material 21 (FIGS, 4 to 6) of 
the rivet being turned — in usual manner — but because 
the edge of the rim 9 of the hole 6 in the sheet metal wall 
portion 7 canot make contact with the anvil, the de- 
formed material of the tubular end portion 16 of the 
rivet is turned round the rim of the hole until the de- 
formed material reaches the associated wall portion 
(FIG. 6), when the rim of the hole will be deformed 
towards the associated wall portion and then become 
keyed in the deformed material of the rivet as the latter 
is clenched thereon (see FIG: 7). This results from the 
fact that the convex surface 17 is moved towards and 
ultimately engages a surface 22 defined on the inner end 
of shank 14 within the confines of hollow tubular end 
portion 16. 

Between the stage at which the shank 14 of the rivet 
12 makes contact with the wall portion 7 around the 
hole (FIG. 5) and the stage at which the rivet is 
clenched (FIG. 7), the wall portion 7 flexes (see FIG. 6 
and 7), but its resilience enables it to spring back after 20 
retraction of the rivetting punch 10 (FIG. 8), 

It will be appreciated from FIGS. 7 and 8 that the rim 
9 of the hole 6 in the wall portion 7 becomes keyed in 



FIG. 9 shows an illustrative type of detachable carry- 
ing handle 30 which is fully: described in U.K. Pat. 
Specification No. 1,323,261. Carrying handle 30 con- 
sists of an elongated strap 32 preferably formed from a 
flexible plastic material having elongated apertures 34 
adjacent opposite ends. Each aperture has an enlarged 
circular portion 36 at one end and a reduced elongated 
portion 38 at the opposite en<L Circular portion 36 has 
a diameter slightly greater than the diameter of head 15 
while elongated portion 38 has a transverse dimension 
that is less than the diameter of head 15 and slightly 
greater than the diameter of shank 14. Thus, carrying 
handle 30 can be attached to rivets 12 by passing heads 
15 through the enlarged circular portions 36 and carry- 
15 ing handle 30 moved relative to rivets 12 so that shanks 

14 are received into elongated portions 38 while heads 

15 overlay portions of the trap adjacent portions of 
strap 32. 

What we claim is: 

1. A portable article having a pair of metal rivets each 
of which is permenently secured to a respective flat 
wall portion of the article, each of said rivets including 
a solid shank portion engaging an outer surface of said 
flat wall portion and an enlarged head on an outer end 



the deformed material 21 of the rivet 12 and is gripped 

tightly, whereby the rivet is very firmly sealingly se- 25 of said shank spaced from said flat wall portion to re- 
cured to the wall portion and cannot be parted there- ceive a carrying handle, said shank having a reduced 
from by pulling the rivet without effecting irreparable tubular end portion extending from an end opposite said 
damage to the wall portion. enlarged head with said flat wall portion having an 

FIG. 8 shows the tubular end portion 16 in its de- opening receiving said tubular end portion said flat wall 
formed condition and also shows the unique relation of 30 portion having an inwardly directed rim integral there- 
rim 9 and deformed portion 21. In its final condition with and surrounding said opening with said rim defin- 
sheet metal rim 9 extends away from opening 6 and ing an acute included angle in cross section with said 
defines an acute included angle of substantially less than flat wall portion so that said rim extends away from said 
90* with wall portion 7, when viewed in cross-section as opening, said solid shank portion having a concave 
illustrated in FIG. 8. The deformed metal 21 is clenched 35 surface in cross section at said opposite end adapted to 
around the outwardly bent rim so as to be in contiguous engage a tool for deforming said tubular end portion, 
engagement with the entire exposed surfaces of rim 9 said tubular end portion being permanently deformed 
and also engages the inner surface of wall portion 10, completely around said rim and being contiguous to 

In its final condition of the deformed metal of tubular both opposed surfaces thereof, said tubular end portion 
rivet, the inner surface 22 is concave and concave sur- 40 engaging an inner surface of said flat wall portion to 
face 22 is arcuate in cross section down to the lower- permanently secure said rivet to said flat wall portion, 
most or inner end of deformed portion 21. 
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ABSTRACT 



The present invention provides a fastener for securing 
workpieces together which has a stem having an enlarged 
head at one end thereof that has a cavity therethrough, a 
main sleeve and an expander sleeve. The expander sleeve is 
adapted to move into a bore of the main sleeve to radially 
expand the main sleeve to form a first blind head for 
clamping the workpieces together in response to a first axial 
force. The enlarged stem head is adapted to move, without 
any deformation thereto, into a bore of the expander sleeve 
to radially expand the expander sleeve to form a second 
blind head to further clamp the workpieces together in 
response to a second axial force. The fastener further has a 
breakneck groove on the stem adapted to fracture the stem 
in response to a third axial force. 
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BLIND RIVET WITH HOLLOW HEAD 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a novel blind 
fastener. 

[0002] Blind fasteners are fasteners which are applied 
from one side of a pair of workpieces, such as an aircraft 
frame, construction members, or the like. Examples of blind 
fasteners are shown, for example, in U.S. Pat. Nos. 3,369, 
289; 4,863,325 and 6,077,009. Numerous types and con- 
figurations of blind fasteners exist. 

[0003] Typically, the blind fastener is inserted from an 
access side of such workpieces, and, by means of a manual 
or power operated setting tool, is caused to be secured firmly 
in place. Blind fasteners have been very useful in the 
manufacture of various different articles and machines, such 
that today millions of such devices are manufactured and 
used. 

[0004] As millions of these fasteners are made by com- 
panies around the world, it would be beneficial to have a 
fastener which uses less material than the other fasteners 
currently on the market, but which maintains all of the 
structural and mechanical properties of the other fasteners 
currently on the market. In addition, with regard to aircraft 
frames, weight is also a significant consideration. 

[0005] The present invention provides such a fastener, as 
will herein be explained, which maintains all of the struc- 
tural and mechanical properties desired, but which also 
reduces the amount of material and, thus, the weight of the 
fastener. Other features and advantages of the present inven- 
tion will become apparent upon a reading of the specifica- 
tion in combination with a study of the drawings. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0006] A primary object of the invention is to provide a 
fastener having a cavity formed in a stem thereof which 
minimizes the weight of the stem, as well as the amount of 
material used, while maintaining the desired mechanical and 
structural properties of the fastener. 

[0007] Another object of the invention is to provide a 
fastener having a cavity formed in a stem thereof which does 
not cause the stem to substantially, if at all, deform during 
a fastening process. 

[0008] Yet another object of the invention is to provide a 
fastener having a cavity formed in a stem thereof such as to 
reduce the cost of making the fastener. 

[0009] Briefly, and in accordance with the foregoing, the 
present invention provides a novel blind fastener for secur- 
ing workpieces having aligned bores therethrough together. 
The blind fastener has a stem having an enlarged head at one 
end thereof that has a cavity therethrough, a main sleeve and 
an expander sleeve. The expander sleeve is adapted to move 
into a bore of the main sleeve to radially expand the main 
sleeve to form a first blind head for clamping the workpieces 
together in response to a first axial force supplied to the 
fastener by an installation tool. The enlarged stem head is 
adapted to move, without any deformation thereto, into a 
bore of the expander sleeve to radially expand the expander 
sleeve to form a second blind head to further clamp the 



workpieces together in response to a second axial force 
supplied to the fastener by the installation tool. The fastener 
further has a breakneck groove on the stem adapted to 
fracture the stem in response to a third axial force supplied 
to the fastener by the installation tool. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The features of the present invention which are 
believed to be novel are described in detail hereinbelow. The 
organization and manner of the structure and operation of 
the invention, together with further objects and advantages 
thereof, may best be understood by reference to the follow- 
ing description taken in connection with the accompanying 
drawings wherein like reference numerals identify like ele- 
ments in which: 

[0011] FIG. la is a side elevational, cross-sectional view 
of the blind fastener of the present invention including a 
stem member shown partly broken away, a main sleeve, an 
expander sleeve, lock ring and drive washer as initially 
assembled to workpieces to be fastened together; 

[0012] FIG. lb is a side elevational, cross-sectional view 
depicting the fastener of FIG. la at the completion stage of 
the installation of the workpieces from the start condition of 
FIG. la; 

[0013] FIG. 2 is a side elevational, cross-sectional view of 
the main sleeve of the fastener; and 

[0014] FIG. 3 is a side elevational, cross-sectional view of 
the expander sleeve of the fastener. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

[0015] While this invention may be susceptible to embodi- 
ment in different forms, there is shown in the drawings and 
will be described herein in detail, a specific embodiment 
with the understanding that the present disclosure is to be 
considered an exemplification of the principles of the inven- 
tion, and is not intended to limit the invention to that as 
illustrated. 

[0016] The fastener 20 as shown in FIG. la is adapted to 
secure together outer and inner workpieces 22, 24. The 
workpieces 22, 24 have bores 26, 28 therethrough, respec- 
tively, which are aligned with one another. The bore 26 
preferably terminates at its outer end in a large diameter 
tapered or countersunk counterbore 30 in the outer surface 
31 of the outer workpiece 22. The fastener 20 as illustrated 
includes a main sleeve 32, an expander sleeve 34, a drive 
washer 36, and a lock ring 38 supported upon a stem 
member 40. It is to be understood, however, that the inven- 
tion is not limited to this illustrated embodiment, and may be 
employed with alternate designs. 

[0017] The main sleeve 32, best illustrated in FIG. 2, is of 
a tubular form and has an enlarged head 42 on the outer end 
of a cylindrical sleeve shank 44. The enlarged head 42 is of 
the flush or conical type and is adapted to fit in the tapered 
counterbore 30 of the outer workpiece 22, see FIG. la. It is 
to be understood that the main sleeve 32 could be of the type 
with an enlarged protruding head. The cylindrical sleeve 
shank 44 terminates at its inner or blind side end in a radially 
expandable, blind head section 46. The cylindrical shank 44 
of the main sleeve 32 is of a uniform outside diameter 
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adapted to be received through bores 26, 28 of workpieces 
22, 24, respectively. The main sleeve 32 has an internal bore 
48 extending therethrough. The enlarged head 42 has an 
annular counterbore or recess 50 at the outer end of the bore 
48 for a purpose to be described. The bore 48 at the blind 
head section 46 of the main sleeve 32 terminates at its inner 
end in a radially outwardly tapered bore segment 52 which 
serves a purpose to be described. The bore segment tapers at 
an angle A relative to a central axis X of the main sleeve 32 
and hence of the fastener 20. The main sleeve 32 is prefer- 
ably formed of one of the following materials: aluminum, 
such as aluminum 5056 alloy, precipitation-hardening stain- 
less steel, such as A-286, alloys containing nickel and 
copper, better known as MONEL® — manufactured by Inco 
Alloys International, Inc., and alloys containing nickel, 
chromium and iron, better known as INCONEL® — manu- 
factured by Inco Alloys International, Inc. 

[0018] The expander sleeve 34, best illustrated in FIG. 3, 
is of a cylindrical form and has a tapered expansion section 
54 which, as will be seen, is adapted to engage the blind head 
section 46 of the main sleeve 32 to form a blind head. The 
expander sleeve 34 has a generally uniform through bore 56 
which is of a diameter generally the same as the diameter of 
the main sleeve bore 48. The expansion section 54 has a 
tapered outer surface 58 which tapers radially outwardly at 
an angle B relative to the central axis X of the fastener 20. 
The tapered outer surface 58 tapers from an outer diameter 
which is slightly greater than the diameter of bore 48 of main 
sleeve 32 to a preselected larger end diameter. The expan- 
sion section 54 further has an arcuate outer surface 60 which 
curves radially outwardly and then radially inwardly relative 
to axis X of the fastener 20. The arcuate outer surface 60 
curves from the tapered outer surface 58 to a straight shank 
portion 62. The opposite or outer end surface 64 of the 
expander sleeve shank portion 62 is generally, transversely 
flat. The expander sleeve 34 is preferably formed of one of 
the following materials: precipitation-hardening stainless 
steel, such as A-286, 300 series stainless steel alloys, such as 
304 stainless steel alloy, and 400 series stainless steel alloys, 
such as 400 stainless steel alloy. 

[0019] As can be seen in FIG. la f the stem member 40 
includes an elongated shank 66 and a stem head 68. The 
elongated shank 66 extends through the main sleeve 32 and 
the expander sleeve 34. The elongated shank 66 has a pulling 
portion (not shown) at its outer end, which is provided with 
a plurality of annular pull grooves (not shown) so that it can 
be gripped by a conventional pull type tool. Such tools are 
well known in the art and, therefore, the details thereof have 
been omitted for purposes of brevity and simplicity. The 
enlarged stem head 68 is provided at the blind end of the 
stem shank 66 and operates in a manner to be described 
whereby the blind head section 46 of' the main sleeve 32 is 
expanded into an enlarged, high strength blind head as 
shown in FIG. 16 for clinching the workpieces 22, 24 
together under a high clamp load. The stem member 40 is 
preferably formed of one of the following materials: pre- 
cipitation-hardening stainless steel, such as A-286 or 15-7, 
and alloys containing nickel, chromium and iron, better 
known as INCONEL® — manufactured by Inco Alloys Inter- 
national, Inc. 

[0020] An annular lock groove 74 is formed on the stem 
shank 66 at a distance from the stem head 68. The annular 
lock groove 74 is formed on the stem shank 66 within the 



grip range of the fastener 20 so that, upon completion of the 
installation after the workpieces 22, 24 have been clinched 
together and a blind head structure formed, the lock groove 
74 is still within the enlarged sleeve head 42 of main sleeve 
32. The grip range of a fastener, such as fastener 20, is the 
range of total thicknesses of the workpieces 22, 24 from a 
minimum total thickness to a maximum total thickness 
which it can secure together. 

[0021] The lock ring 38 has a locking boss 88 of increased 
thickness which fits into the annular lock groove 74. A 
reduced thickness lock sleeve portion 90 of the lock ring 38 
extends forwardly or outwardly along the stem shank 66. 
The lock ring 38 is of a uniform cylindrical configuration 
and generally conforms to the area between the shank 66 and 
the main sleeve 32, and is of a circumferentially open 
construction defined by a narrow axial slit (not shown). The 
open construction permits the lock ring 38 to be resiliency, 
radially expanded to facilitate its assembly into the lock 
groove 74. An enlarged, straight stem shank shoulder 86 is 
adapted to bear against the radially outer end of the locking 
boss 88 of the lock ring 38 to thereby move the lock ring 38 
with the stem member 40 and, as will be seen, to apply the 
load to the lock ring 38 to form the front lock. 

[0022] A weakened breakneck groove 94 is located on the 
stem shank 66 spaced outwardly from the lock groove 74. 
An annular land 96 is located between the lock groove 74 
and the breakneck groove 94 and is of a larger diameter than 
the breakneck groove 94 so as to form a stem stop shoulder 
98. 

[0023] The stem shank 66 has a splined portion (not 
shown) located distal to, and between, the pulling portion 
and the breakneck groove 94. The splined portion is of a 
larger diameter than the pulling portion such as to provide an 
interference fit with a through bore 102 of the drive washer 
36. The drive washer 36 is adapted to engage the enlarged 
sleeve head 42 and to react against the lock ring 38. The 
interference fit of the drive washer bore 102 with the splined 
portion holds the drive washer 36, the main sleeve 32, and 
the expander sleeve 34 assembled to the stem member 40 in 
order to facilitate handling of the fastener 20. In this regard, 
the splined portion is connected to the outer end of the 
breakneck groove 94 by a shank portion (not shown) whicb 
is of a reduced diameter so as to be able to pass through the 
drive washer bore 102 in clearance. In this regard, the 
pulling portion can also pass through the drive washer bore 
102 substantially in clearance. 

[0024] The enlarged stem head 68 has an enlarged diam- 
eter, axially straight head portion 108. The head portion 108, 
which is of a uniform diameter Dl, tapers angularly, radially 
inwardly at its outer end, having a diameter D2, at an angle 
C relative to axis X of the fastener 20. The diameter Dl is 
preferably slightly larger than the diameter D2. 

[0025] A cavity 110 is provided in the enlarged stem head 
68 and extends into the stem shank 66. The cavity 110 has 
a uniform diameter D3 at the end of the enlarged stem head 
68 and extends through the enlarged stem head 68 and into 
the stem shank 66 at a preselected length L. The cavity 110 
tapers to a point within the stem shank 66. The diameter D3 
is preferably approximately 3 /s of the diameter D2, while the 
length L is preferably larger than the length of the enlarged 
stem head 68. The cavity 110 minimizes the weight of the 
stem member 40 while maintaining the desired 
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mechanical and structural properties of the fastener 20, such 
that the cavity 110 does not cause the stem member 40 to 
substantially, if at all, deform during a fastening process. 

[0026] As pre -assembled, the tapered expansion section 
54 of the expander sleeve 34 is adapted to nest matingly 
within the tapered segment 52 of the bore 48 of the main 
sleeve 32. At the same time, the rearward or blind end flat 
surface 64 of the sleeve shank portion 62 is in planar 
engagement with the enlarged stem head 68. 

[0027] To install the fastener 20, a relative axial force "F" 
is applied between the stem member 40 and the expander 
sleeve 34 and main sleeve 32 by a pull tool which grips the 
pull grooves of pulling portion with the tool having an anvil 
member engaging the drive washer 36, as is standard in the 
art. The drive washer 36 at the same time transmits the load 
to the main sleeve 32 by its engagement with the enlarged 
sleeve head 42. As this occurs, the enlarged stem head 68, by 
engagement with the outer end surface 64, applies an axial 
force on the expander sleeve 34 which in turn applies an 
axial force on the main sleeve 32 via the tapered expansion 
section 54. As the load increases, the tapered expansion 
section 54 is moved axially into the blind bead section 46 as 
guided by the tapered bore segment 52. This causes the blind 
head section 46 to be expanded radially outwardly to form 
a first blind head 112, see FIG. lb. This continues until the 
leading end 114 of the tapered expansion section 54 is 
substantially at the rear or blind side surface 116 of inner 
workpiece 24 in order to provide the first blind head 112 
with substantial strength. In this condition, the clamp load 
on the workpieces 22, 24 is essentially secured by the first 
blind head 112 at the blind side surface 116 and by the 
enlarged sleeve head 42 at the counterbore 30. However, the 
lock ring 38 is still not in position to create the lock between 
the stem member 40 and the main sleeve 32 at the outer or 
open end. 

[0028] As the relative axial force is increased, the stem 
head 68 is moved axially inwardly past the outer end surface 
64 of the shank portion 62 to form a second blind head 118, 
see FIG. 16. It should be noted that a stem head shoulder 
106 of the enlarged stem head 68 extends radially for a 
distance which is less than the wall thickness or radial length 
of the flat end surface 64. The limited radial length of the 
stem bead shoulder 106 relative to the wall thickness at the 
end surface 64 is selected to provide sufficient resistance to 
movement of the stem head 68 into the expander sleeve 34 
until after the first blind head 112 is substantially fully 
formed. This facilitates the maximization of the axial move- 
ment of the leading end 114 of the expansion section 54 into 
the blind head section 46 to a position proximate to the blind 
side surface 116 resulting in maximizing the strength of the 
first blind head 112 and the magnitude of final clamp load. 
At the same time, the wall thickness of the straight shank 
portion 62 is also selected to resist buckling. 

[0029] The stem head 68 will be moved axially inwardly 
into the expander sleeve 34 until the lock sleeve portion 90 
of the lock ring 38 is in engagement with the drive washer 
36. As the relative axial pulling force exerted on the stem 
shank 66 and on the sleeve head 42 increases, the lock sleeve 
portion 90 is deformed radially outwardly to form an inter- 
locking annular flange 120 in the recess 50, to firmly 
interlock the stem shank 66 with the main sleeve 32. At the 
same time, the stem stop shoulder 98 has engaged the drive 



washer 36. When this occurs, further relative axial force on 
the stem shank 66 will be resisted, causing the stem shank 
66 to break at the weakened breakneck groove 94 at about 
the outer surface of the enlarged head 42. The locking sleeve 
portion 90 of the lock ring 38 initially overlaps the break- 
neck groove 94 sufficiently to provide for the formation of 
the interlocking flange 120, by the time the stem stop 
shoulder 98 abuts the drive washer 36. 

[0030] At this point a multiple blind head assembly 122 is 
fully formed and includes the locking and strength interac- 
tion of the first blind head 112, the second blind head 118, 
the stem head 68 and the stem shank 66. The severed portion 
of the stem shank 66 and the drive washer 36 will be 
discarded. 

[0031] It should be noted that after final installation upon 
full formation of the lock flange 120 and the fracture of the 
breakneck groove 94, the annular land 96 will be in line with 
the recess 50 in the enlarged head 42 to define a restricted 
cavity which cooperates with the lock groove 74 to secure 
the lock ring 38 and hence to positively lock the stem 
member 40 to the main sleeve 32 at the outer end. 

[0032] During the fastening process discussed with refer- 
ence to FIGS, la-lb, the enlarged stem head 68 and the stem 
shank 66 proximate to the stem head 68 do not substantially, 
if at all, deform or lose their shape because of the cavity 110 
formed therein. The cavity 110 is of such a size and 
dimension, and the characteristic properties of the material 
used to form the stem member 40 are balanced so as to 
minimize the weight of the stem member 40 while main- 
taining the desired mechanical and structural properties of 
the stem member 40. The cavity 110 merely acts to reduce 
the weight of the stem member 40, but not at the expense of 
any desired mechanical or operational characteristics of the 
fastener 20. In other words, the cavity 110 provides no 
mechanical function in the fastening process. 

[0033] The blind head assembly 122 has high strength 
resulting from the interengagement of the expander sleeve 
34 within the main sleeve 32 with the leading end 114 of the 
expansion section 54 located very proximate to the blind 
side surface 116 of the inner workpiece 24. The presence of 
the cavity 110 does not minimize this strength in any way. 
The expander sleeve 34 also has high strength which assists 
in such high blind head assembly 122 strength as does the 
formation of the second blind head 118 and overengagement 
of the stem head 68 by the expander sleeve 34. All of the 
above factors contribute to forming a blind head assembly 
122 having a high strength and lock. 

[0034] Thus, the fastener 20 herein accomplishes positive 
mechanical locking of the stem member 40 to the sleeves 32, 
34 without loss of clamp load and with the formation of the 
multiple locked blind head assembly 122 having a high 
strength structure which will resist deformation, even with 
the presence of the cavity 110. 

[0035] It should further be noted that the use of the cavity 
110 in the described fastener 20 can be imparted to all types 
of fasteners that have a stem or a pin in order to reduce the 
weight of the fasteners without losing any of the desired 
mechanical or structural properties of the fasteners. 

[0036] Again, it is to be understood that the invention is 
not limited to this illustrated embodiment, and may be 
employed with alternate designs. For example, the fastener 
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20 can be solely used with a sleeve 32 wherein the head 68 
of the fastener 20 causes the sleeve 32 to expand to lock the 
blind fastener with the workpieces 22, 24. 

[0037] While a preferred embodiment of the present 
invention is shown and described, it is envisioned that those 
skilled in the art may devise various modifications without 
departing from the spirit and scope of the foregoing descrip- 
tion. 

The invention is claimed as follows: 

1. A blind fastener for securing workpieces having aligned 
bores therethrough, said blind fastener comprising: 

a stem having an elongated stem shank with an enlarged 
stem head at a blind end of said elongated stem shank 
and gripping means at an end opposite of said blind 
end, said enlarged stem head having a cavity provided 
therein; 

a sleeve engaged with the workpieces and having first and 
second ends, an expandable section located at said 
second end, said sleeve having a bore therethrough and 
being supported on said elongated stem shank; 

said enlarged stem head being adapted to move, without 
any deformation thereto, relative to said sleeve to 
deform said expandable section to form a blind head, 
said enlarged stem head and said cavity being dimen- 
sioned such that said enlarged stem head does not 
collapse during deformation of said sleeve. 

2. A blind fastener as defined in claim 1, wherein said 
cavity provided in said enlarged stem head extends through 
said enlarged stem head and into said elongated stem shank. 

3. A blind fastener as defined in claim 2, wherein said 
cavity has a diameter which is approximately Vs of a 
diameter of said enlarged stem head. 

4. A blind fastener as defined in claim 2, wherein said 
cavity extends into said elongated stem shank a length that 
is only a small portion of an overall length of said stem. 

5. A blind fastener as defined in claim 1, wherein said 
cavity has a diameter which is approximately 3 /s of a 
diameter of said enlarged stem head. 

6. A blind fastener as defined in claim 1, wherein said 
stem is formed of a material selected from the group 
consisting of precipitation-hardening stainless steel, and 
alloys containing nickel, chromium and iron. 

7. A blind fastener as defined in claim 1, wherein said 
sleeve is formed of a material selected from the group 
consisting of aluminum, precipitation-hardening stainless 
steel, alloys containing nickel and copper, and alloys con- 
taining nickel, chromium and iron. 

8. A method of securing workpieces having aligned bores 
therethrough with a blind fastener, said method comprising 
the steps of: 

a) providing a blind fastener including a stem having an 
elongated stem shank with an enlarged stem head at a 
blind end of said elongated stem shank and gripping 
means at an end opposite of said blind end, said 
enlarged stem head having a cavity provided therein, a 
sleeve having first and second ends, an expandable 
section located at said second end, said sleeve having 
a bore therethrough and being supported on said elon- 
gated stem shank; 

b) inserting said blind fastener through the bores of the 
workpieces such that said enlarged stem head of said 



stem is proximate a blind surface of the workpieces and 
said gripping means of said stem is proximate an 
accessible surface of the workpieces; and 

c) providing an axial force to said gripping means by an 
installation tool to move said stem relative to said, 
thereby moving said enlarged stem head into said 
expandable section of said sleeve to form a blind head 
for clamping the workpieces together without causing 
any deformation to said enlarged stem head, said 
enlarged stem head and said cavity being dimensioned 
such that said enlarged stem head does not collapse 
during deformation of said sleeve. 

9. Ablind fastener for securing workpieces having aligned 
bores therethrough, said blind fastener comprising: 

a stem having an elongated stem shank with an enlarged 
stem head at a blind end of said elongated stem shank, 
gripping means at an end opposite of said blind end, 
and a breakneck groove on said elongated stem shank 
positioned between said gripping means and said 
enlarged stem head, said enlarged stem head having a 
cavity provided therein; 

a main sleeve having an enlarged sleeve head located at 
a first end of said main sleeve, a blind head section 
located at a second end of said main sleeve, and a 
sleeve shank portion located between said enlarged 
sleeve head and said blind head section, said main 
sleeve having a bore therethrough and being supported 
on said elongated stem shank; 

an expander sleeve having a bore therethrough and being 
located on said elongated stem shank between said 
enlarged stem head and said blind head section of said 
main sleeve; 

said enlarged sleeve head of said main sleeve being 
adapted to be in engagement with an accessible side of 
the workpieces and said sleeve shank portion of said 
main sleeve being adapted to extend through the bores 
of the workpieces; 

said expander sleeve being adapted to move into said bore 
of said main sleeve at said blind head section of said 
main sleeve to radially expand said main sleeve to form 
a first blind head for clamping the workpieces together 
in response to a first relative axial force supplied to said 
fastener by an installation tool adapted to grip the 
gripping means on said stem; 

said enlarged stem head being adapted to move, without 
any deformation thereto, into said bore of said 
expander sleeve to radially expand said expander 
sleeve to form a second blind head to further clamp the 
workpieces and to secure said stem, in response to a 
second relative axial force supplied to said fastener by 
the installation tool, said enlarged stem head and said 
cavity being dimensioned such that said enlarged stem 
head does not collapse during deformation of said 
sleeve; and 

said breakneck groove being adapted to fracture said 
elongated stem shank in response to a third relative 
axial force supplied to said fastener by the installation 
tool. 

10. A blind fastener as defined in claim 9, wherein said 
stem further includes an annular lock groove on said elon- 
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gated stem shank proximate to said breakneck groove and 
between said breakneck groove and said enlarged stem head, 
and an annular lock ring located in said annular lock groove 
and completely inside said sleeve shank portion of said main 
sleeve, and being axially spaced from said enlarged sleeve 
head of said main sleeve. 

11. A blind fastener as denned in claim 10, further 
including a locking boss on said annular lock ring which 
allows said annular lock ring to move with said elongated 
stem shank through said bore of said main sleeve. 

12. A blind fastener as defined in claim 9, wherein said 
cavity has a diameter which is approximately Vs of a 
diameter of said enlarged stem head. 

13. A blind fastener as defined in claim 9, wherein said 
stem is formed of a material selected from the group 



consisting of precipitation-hardening stainless steel and 
alloys containing nickel, chromium and iron. 

14. A blind fastener as defined in claim 9, wherein said 
main sleeve is formed of a material selected from the group 
consisting of aluminum, precipitation-hardening stainless 
steel, alloys containing nickel and copper, and alloys con- 
taining nickel, chromium and iron. 

15. A blind fastener as defined in claim 9, wherein said 
expander sleeve is formed of a material selected from the 
group consisting of 300 series stainless steel alloys, 400 
series stainless steel alloys, and precipitation-hardening 
stainless steel. 

***** 
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[57] ABSTRACT 

A screw extracting device is provided for removing 
screws which cannot be removed with an ordinary 
screwdriver. The device comprises an elongate rod, a 
handle located at one end of the rod, a plurality of 
gripping fingers located at the other end of the rod for 
gripping the screw to be extracted a sleeve, threaded for 
movement along the rod, for controlling contraction 
and expansion of said gripping fingers in accordance 
with the longitudinal position of said sleeve along the 
rod so as to provide gripping and release of the screw 
head. The fingers each include a tapered tip portion 
which permits the fingers to be driven into the surface 
surrounding the head of the screw to be extracted and 
gripping ridges or the like for providing firm gripping 
of the screw head. A method of using the device is also 
enclosed. 

7 Qaims, 6 Drawing Figures 
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SCREW EXTRACTING DEVICE 

FIELD OF THE INVENTION 

The present invention relates to a device and method 
for extracting "stripped" or deformed screws notwith- 
standing the state of the screw. 

BACKGROUND OF THE INVENTION 
In many instances, screws whose heads have been 
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"stripped" or otherwise deformed or damaged cannot 
be extracted using a conventional screwdriver. Screws 
get into this state because of the improper use of tools, 
wear and the like, and removal of such screws generally 
presents a frustrating problem. In this regard, a particu- 
larly vexing situation is presented when the screw head 
has been driven in so as to be flush with, or lie below, 
the surface which the screw is screwed into. A number 
of techniques are used to extract stripped screws, these 
techniques generally involving "brute forcing" the 20 
screw through the use of heavy pliers or the like, or 
where applicable, digging out the screw using whatever 
tool is available. None of these techniques is particu- 
larly successful in practice and thus a need exists for a 
simple, easy to use tool which enables a screw to be 25 
extracted when the head is stripped or otherwise dam- 
aged and which can be used even where the screw head 
lies flush with, or below, the surface into which the 
screw extends. 



SUMMARY OF THE INVENTION 
In accordance with the invention, a screw extracting 
device is provided which possesses the desirable char- 
acteristics discussed above and overcomes the problems 
associated with prior art techniques for removing 
screws which cannot be removed with an ordinary 
screwdriver. The device of the invention is easy to use 
and is relatively simple to manufacture. Further, the 
screw extracting device is rugged in construction and 
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their common longitudinal axis. The sleeve is tubular 
and the outer surface of said sleeve is knurled to en- 
hance gripping. 
: The invention also involves a method of extracting a 
screw head which is substantially flush with or lies 
below the surface into which the screw extends which 
utilizes a screw extracting device as described above. 
The method comprises applying a force to one end of 
the screw extracting device so as to drive the gripping 
fingers into the surface to a depth such that the fingers, 
when closed, will firmly engage the head of the screw; 
screwing the control sleeve down on the rod, i.e., 
towards the gripping fingers, so as to cause the gripping 
members to close about the head of the screw; and 
rotating the device to cause unscrewing of the screw. 

Other features and advantages of the invention will 
be set forth in, or apparent from, in detailed description 
of a preferred embodiment found hereinbelow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevational view of a screw extracting 
device in accordance with a preferred embodiment of 
the invention; 

FIG. 2 is a detail, drawn to an enlarged scale and with 
the control sleeve shown in phantom, of the screw 
extracting device of FIG. 1; 

FIG. 3 is ah end elevational, drawn to an enlarged 
scale, of the gripping fingers of the device of FIG. 1 
illustrating the gripping surfaces; and 

FIGS. 4(a), 4(b) and 4(c) illustrate the method of use 
of the screw extracting device of the invention for three 
different positions of the screw to be extracted. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, a preferred embodiment of the 
screw extracting device of the invention is illustrated. 
The device, which is generally denoted 10, includes a 



removes screws in a highly effective, efficient manner 40 r °d member 12 having a handle 14 attached to one end 



even where the screw head lies flush with or below the 
working surface. 

According to a preferred embodiment of the inven- 
tion, a screw extracting device is provided which coin- 



thereof. In an exemplary embodiment, rod 12 is fabri- 
cated of steel or a like metal while handle 14 is fabri- 
cated of wood or plastic. 
As perhaps can be best seen in FIG. 2, the other end 



prises an elongate rod member which is threaded along 45 °f r °d 12 is formed to provide three gripping fingers 



a portion of the length thereof; a handle located at one 
end of the rod member; a plurality of gripping fingers 
located at the other end of the rod member for gripping 
the screw to be extracted; a control sleeve, threaded for 
movement along the rod member, for controlling con- 50 
traction and expansion of the gripping fingers in accor- 
dance with the longitudinal position of the said sleeve 
along the rod member so as to permit a screw to be 
gripped and released. The fingers each include a ta- 
pered tip portion which permits the fingers to be driven 55 
into the surface surrounding the head of the screw to be 
extracted and means located thereon for providing firm 
gripping of the screw head. These gripping means pref- 
erably comprise gripping ridges on fingers similar to 



16a, 16b and 16c, which are collectively denoted 16. In 
a specific example, rod 12 is approximately 6 inches in 
length and I inch in diameter, and fingers 16 are formed 
by boring out the end of the rod 12 to a depth of approx- 
imately 1 and i inches and a diameter of 3/16 inch. The 
fingers 16 then formed by splitting the bored out end of 
the rod 12. The fingers so formed are forced open, or 
outwardly, slightly so as to define a circle having diam- 
eter larger than the g inch outside diameter of rod 12. It 
will be appreciated that fingers 16 can take other forms 
and, for example, could be provided separately from 
rod 12 and pivotably connected to the end thereof. In 
this embodiment, a spring or the like would be utilized 
to bias the fingers outwardly. An example of a tool 



those found on pliers. Advantageously, the tips of said 60 which utilizes such an arrangement is disclosed in U.S. 



fingers are of a chisel-like configuration to enable the 
fingers to be driven into the working surface in which 
the screw is imbedded so that the fingers can be brought 
into engagement with the head. 



Pat. No. 803,692 (Hill). 

The ends of fingers 16 are tapered in the manner of 
the end of a chisel, as illustrated, and the tip of each is 
provided with a plurality of ridges, indicated at 18 in 



In a specific embodiment, three gripping fingers are 65 FIG. 3 and similar to those found on a pair of pliers, to 



disposed in equispaced relationship around a common 
longitudinal axis. The fingers are formed integrally with 
the rod member and are biased outwardly away from 



provide more secure gripping of the head of a screw. As 
indicated in cross section in FIG. 3, ridges 18 extend 
parallel to one another longitudinally of the fingers 16. 
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Rod member 12 is provided with screw threads 20 
along the end thereof opposite handle 14 beginning at 
the base of fingers 16. A control sleeve 22 is threaded 
over this end of rod 12 for controlling opening and 
closing of gripping fingers. 16. The inside diameter of 5 
sleeve 22 is nominally the same as the outside diameter 
of rod 12 and the threading of each is such that sleeve 
22, when rotated, travels along the length of rod 12 in 
the manner of a traveling nut. The outer surface of 
sleeve 22 is knurled, as indicated at 22a, to provide 10 
improved gripping. Thus, by screwing sleeve 22 up and 
down along the length of rod 12, fingers 16 are progres- 
sively engaged and released so that they contract and 
expand. 

The operation of screw extracting device 10 will be 15 
considered in connection with FIGS. 4(a), 4(6) and 4(c). 
If the head of a screw becomes "stripped" so that the 
slot in the head normally engaged by a screwdriver is 
damaged or destroyed or if one is unable to remove the 
screw for any reason (such as the lack of an appropriate 20 
tool), the fingers 16 of screw extracting device 10 are 
placed over the head of the screw. Sleeve member 22 is 
then screwed down on rod 12 towards fmgers 16 so as 
to cause fingers 16 to tighten around the head of the 
screw and firmly grip the same. After this is done, the 25 
screw is simply unscrewed by rotating device 10 using 
handle 12. FIG. 4(a) illustrates a situation wherein the 
head of a screw S extends above the surface in which 
the screw is embedded. The head is readily gripped by 
fingers 16 under these circumstances. In FIGS. Mb) and 30 
4(c), the screw head is flush with surface and below or 
beneath the surface, respectively. In this situation, the 
screw extracting device 10 is placed over the head of 
screw S and handle 14 is tapped so as to drive the ta- 
pered fingers 16 into the surface to such an extent that 35 
the ends of fingers 16 are able to grip the screw head. 
The fingers 16 are then tightened by means of sleeve 22 
to firmly grip the screw head and the screw is then 
unscrewed. 

Although the invention has been described relative to 40 
exemplary embodiments thereof, it will be understood 
that other variations and modifications can be effected 
in these embodiments without departing from the scope 
and spirit of the invention. 

I claim: 

1. A screw extracting device which is particularly 
adapted for removing screws which cannot be removed 
with an ordinary screwdriver, said device comprising: 

an elongate rod member threaded along a portion of 
the length thereof; 

a handle located at one end of said rod member; 

a plurality of elongate, longitudinally extending grip- 
ping fingers located at the other end of said rod 
member for gripping the screw to be extracted, 
said gripping fingers being arranged so as to form a 55 
discontinuous annulus which surrounds the screw 
to be extracted; and 

a control sleeve means, threaded for movement along 
said rod member, for controlling expansion and 

60 
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contraction of said gripping fingers in accordance 
with the longitudinal position of said sleeve means 
along said rod member; said ringers each including 
a longitudinally tapered tip portion which permits 
the fingers to be driven into the surface surround- 
ing the head of the screw to be extracted and in- 
cluding means for providing firm gripping of the 
screw head, said gripping means comprises a plu- 
rality of parallel extending gripping ridges formed 
on inwardly facing side surfaces of each of elongate 
fingers, said gripping ridges extending along the 
length of said fingers so as to permit said side sur- 
faces to grip the screw over the area of mutual 
engagement between said surfaces and the screw. 

2. A screw extracting device as claimed in claim 1 
wherein said gripping means comprises gripping ridges 
on said fingers. 

3. A screw extracting device as claimed in claim 1 
wherein the tips of said fingers are of a chisel-like con- 
figuration. 

4. A screw extracting device as claimed in claim 1 
comprising three said gripping fmgers disposed in equi- 
spaced relationship around a common longitudinal axis. 

5. A screw extracting device as claimed in claim 4 
wherein said fingers are formed integrally with said rod 
member and are biased outwardly away from said longi- 
tudinal axis. 

6. A screw extracting device as claimed in claim 1 
wherein said sleeve means comprises a tubular sleeve, 
the outer surface of said sleeve being knurled. 

7. A method of extracting a screw the head of which 
is substantially flush with or lies below the surface into 
which the screw extends, utilizing a device comprising 
an elongate rod threaded along a portion of a length 
thereof; a handle located at one end of said rod; a plural- 
ity of elongate, longitudinally tapered gripping fingers 
located at the other end of said rod including a plurality 
of gripping ridges on inwardly facing side surfaces of 
each of said fingers along the length thereof for grip- 
ping the screw to be extracted; and a sleeve member, 
threaded for movement along said rod, for controlling 
opening and closing of said gripping fingers in accor- 
dance with the longitudinal position of said sleeve mem- 
ber along said rod, said method comprising: 

applying an impact force to the said one end of said 
device so as to drive said elongate, longitudinally 
tapered gripping fingers into said surface in a direc- 
tion substantially perpendicular to said surface and 
to a depth such that ridges on said inwardly facing 
side surfaces of said fingers, will engage the screw 
when said fingers are closed; 

screwing said sleeve member onto said rod in a direc- 
tion towards said gripping fingers so as to provide 
closing of said gripping fingers about the head of 
the screw; and 

rotating said device to cause unscrewing of the 
screw. 
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[57] ABSTRACT 

A pull-type blind fastener has a pin slideable through a 
tubular selectively annealed sleeve, the pin having a pin 
head permanently bonded to a blind side end of the 
sleeve, a hollow rivet head formed on the opposite end 
of the sleeve, and a raised abutment on the rivet head 
engageable by a conventional rivet setting tool. The 
rivet head collapses under the differential pulling force 
applied by the setting tool to a condition of reduced 
aperture for engaging a stop shoulder on the pin thus 
limiting axial pin travel at a flush breaking position. 

33 Claims, 2 Drawing Sheets 
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P RE-LOCKED PULL-TYPE BUND FASTENER ^Su^^^^Sff^i S 

BACKGROUND OF THE INVENTION tttttt^JSESZ 

1. Field of the Invention 5 hole filling action, and to secondly slide within the 

The present invention pertains generally to the field exposed blind-side end of the sleeve thereby creating a 

of fasteners and is more particularly directed to a pull- large bearing blind head. The integral shear ring or 

type blind fastener of the type having a pin and sleeve separate compressible element yields or collapses axi- 

wherein the pin and sleeve are pre-locked, i.e. perma- ally as necessary to accommodate differences in work- 

nently bonded to each other prior to fastener installa- 10 piece thickness within a permissible grip range charac- 

ti( ?'o * u t> • teristic of the particular fastener. This yielding allows 

Z. State of the Prior Art continued travel of the pin through the sleeve to a point 

Pull-type blind fasteners have as their primary com- where it engages a mechanical locking element at which 

ponents a tubular sleeve and a pin axially movable point the portion of the pin protruding from the sleeve 

through the sleeve. The pm has a pin head or equivalent H can be broken ofT flush with the sleeve head 

element which engages one end of the sleeve. Tne op- Fasteners of this first type perform adequately but 

posite or free end of the pm extends from the sleeve and suffer from the following ^advantages- 

typically has a series of pull grooves which permit the (*\ The shear rina int^i t« ri^I ™ >u 

end of the sleeve with the grooved pin end within the ru\ T h~ f^ n ^ • ,«. « *♦ ^ , . 
nose. Upon actuation the installation tool applies pulling J?\ fas f ner r ^taliation loads i.e. the magnitude 
relative axially compressive load on the sleeve until the 25 % ™« pulbn g force the sleeve and the pin 
sleeve wall buckles to form a bulb or head on the blind fastener necessary for blind head formation and 
side of the workpiece, which remains secured between j compress the sleeve so that it swells radially to obtain 
the blind-side bulb and a rivet head pre-fonned on the adec l uate action are inordinately high. This re- 
exposed end of the sleeve. The excess length of the pin S m a need to use dissimilar materials for the sleeve 
is broken off at a break groove flush with the rivet head. 30 311(1 the P m 88 exemplified by Gapp, U.S. Pat. No. 

The shear strength of the installed fastener is attribut- 3 »*48,578, the most popular combination of materials 
able in large part to the sleeve, but the remaining pin bemg aluminum sleeve mated with a heat treated, 
portion does contribute importantly in this respect and cadmium plated alloy steel pin. By using a stronger pin 
installed fastener shear strength is significantly compro- material than the sleeve material, the pin diameter nec- 
mised by separation of the pin from the sleeve. Provi- 35 essar y to axially collapse the sleeve can be kept rela- 
tion is therefore made for retaining the pin within the f ivel V sma11 m relation to the sleeve cross section. This 
installed sleeve either by a friction lock in non-critical * desirable because the installed tensile strength of the 
applications or by a positive mechanical interlock for fastener depends primarily on the sleeve wall thickness 
critical applications such as aircraft frames. In either whicn ix » therefore desirable to maximize in relation to 
case the locking of the pin to the sleeve occurs during 40 tne P m cross section for a given fastener diameter. Such 
fastener installation, prior to which the pin portion combination of dissimilar materials carries a weight 
which remains after installation is not axially fixed to penalty caused by the relatively heavy steel pin in addi- 
the sleeve. tion to the corrosion problems associated with dissimi- 

Many blind fastener designs are known featuring lar metals, 
mechanical pin locking as part of the fastener installa- 45 A second type of fastener which attempts to over- 
turn procedure. The mechanical locking action is pres- come the problems of dissimilar materials is disclosed in 
ently achieved either by a separate locking collar ele- Orloff U.S. Pat. No. 3,253,495 and such fasteners are 
ment carried on the pin and forced by the installation available under specifications MS90353/54 
tool into a locking groove in the pin as exemplified by MS21140/41, and NAS1919/21. These blind fasteners 
a. I«i loo 4 ' 0l2 « 984 > t0 Matuscheck and Pratt, No. 50 are characterized in that a variable hardness gradient is 
4,451,189 among many others, or by compressively created in the sleeve by selectively annealing the blind 
flowing sleeve material into a locking groove in the pin head formation zone. The annealed sleeve section is 
*i thC requircd me chanical interlock as in Fry et softer than the end sections of the sleeve and bulges 
al U.S. Pat. No. 3,292,482 and in Mil-R-007885 rivets. In more readily under axial loading to form the blind head 
both cases the need for a locking groove weakens the 55 The selective annealment alone however is not suffi- 

pm / . cient to allow use of similar pin and sleeve material with 
important criteria in fastener performance are the a favorable pin/sleeve cross-sectional ratio. These fas- 
size and strength of the blind side bulb formed and the teners typically require further weakening of the sleeve 
SL J T f aciuev( £ by swelling and radial ex- by providing an enlarged hole portion in the sleeve so as 
CfL 7 ■ T thc work P iece - Existin g * t0 reduc e the sleeve wall thickness along the annealed 
astener designs suffer from significant drawbacks in section and thereby reduce the installation load neces- 
hese respects as illustrated by the following examples sary to form the blind head in order to make the sleeve 
selected from some of the most popular aerospace blind operative in combination with pins made of similar 
fasteners currently m use material to tne sleeve Sleeyes £ ^ ae 

b^^^S^^^^^^^ 65 haVC a Stepped ***** or a "LnSred 

KdS£E? NAS 738 39 specifications) blind through hole. This approach allows a relative increase 

i T °°? Sh< ? by » ithef a 8eparatC ' m Slceve waU thickness within workpiece hole but 

compressible element such as the collapsible barrel of the sleeve wall thickness along the blind head fZation 
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zone remains relatively thin compared to the pin diame- 
ter in that zone. The pin/sleeve fractional percentage 
ratio of overall fastener cross sectional area along the 
bulb formation zone is generally 30/70 while within the 
workpiece hole where the sleeve through-hole is of 5 
smaller diameter the same ratio is approximately 50/50. 
In these fasteners the blind head is formed by a pin head 
in external abutment with the blind side sleeve end. The 
pin head is compressively forced against the end of the 
sleeve, causing the variable hardness gradient section to 1° 
bulge outwardly at the blind-side sheet line of the work- 
piece, forming a large bearing blind head. The pin trav- 
els axially through the sleeve compressing the blind 
sleeve end until the pin engages a mechanical locking 
element which stops the pin with a break groove in 15 
alignment with the sleeve head so that the pin breaks off 
flush with the sleeve head. The performance trade-off in 
such fasteners is that while the sleeve section of reduced 
wall thickness yields readily to the compressive force 
exerted by the pin head, little or no compressive work- 
piece hole filling action occurs in the sleeve section of 
heavier wall thickness. Fasteners of this type (MS 
90353/54 and MS 21 140/41 type fasteners) are therefore 
generally referred to as blind bolts since no hole filling ^ 
action is apparent. A variant of this same basic design is 
found in NAS 19 19/21 type blind fasteners in that an 
additional hole filling feature is included and these latter 
fasteners are therefore considered to be blind rivets. 
The hole filling feature consists of an enlarged diameter 3Q 
portion on the pin which is forced or dragged through 
the sleeve along the reduced through-hole section, ex- 
truding and expanding radially outwardly the sleeve as 
the pin is pulled through. This sleeve expansion is not 
uniform through the workpiece because the enlarged 35 
pin portion or plow does not travel or act on the full 
length of the sleeve and also because no radial sleeve 
expansion occurs in the thinner walled counterbored 
section of the sleeve. 

Fasteners of this second group meet all desired func- 43 
tional requirements including the use of similar pin and 
sleeve materials, but retain the following disadvantages: 

(a) The stepped inside diameter or counter-bore of 
the sleeve is tolerance critical, both from a size and 
concentricity standpoint and can only be formed from 45 
the sleeve blind end in the manufacture of the sleeve. 
The necessity for a thin walled section at the blind end 
of the sleeve to maintain low blind head formation loads 
compounds the tolerance criticality of the fastener 
structure. Failure to maintain the necessary tolerances 50 
results in frequent improper blind head formations 
("tulip bulbs") which require costly remake or rework 
activities. 

(b) The blind rivet fasteners of the second group 
variant having the aforementioned additional hole fill- 55 
ing feature require greater blind-side clearance because 
the pin extends out of the sleeve to a greater extent due 

to the enlarged extrusion element provided on the pin. 
Also, the stepped inside diameter of the sleeve causes 
variable hole fill so that the hole fill is not uniform 60 
through the full length of the installation hole in the 
workpiece. Such variable hole fill can also head to im- 
proper blind head formations. 

(c) The blind side heads formed by these rivets are 
particularly weak because their formation load must be 65 
safely below any other fastener installation load, i.e. the 
mechanical lock engagement loads between the pin and 
the sleeve (with or without frictional forces therebe- 



tween taken into account) and the pin breakoff load at 
the breakneck. 

The outer sleeve diameter of a given fastener, and 
therefore the combined sleeve wall and pin cross sec- 
tional areas, is selected according to the requirements of 
the particular application and is set by the installation 
hole in the workpiece. In other words, the overal fas- 
tener or sleeve diameter is largely determined by factors 
external to the fastener itself. The relative proportions 
of the overall fastener cross-section attributable to the 
sleeve wall and to the pin however are a function of 
fastener design. For a given outer sleeve diameter, it is 
generally desirable to maximize the sleeve wall thick- 
ness in order to maximize installed fastener tensile 
strength. However, sleeve wall thickness can only be 
increased at the expense of a reduction in the pin diame- 
ter. As the sleeve wall thickness is increased, it offers 
proportionally greater resistance to axial compression 
by the pin and thus a greater installation load is needed 
between the pin and the sleeve. As the pin diameter is 
decreased to obtain a heavier sleeve wall, the strength 
of the pin is proportionally diminished until a pin diame- 
ter is reached where the pin would break prematurely 
under the required installation load. In prior art fasten- 
ers pin strength has been compromised by the need to 
provide various features, structures and grooves such as 
locking grooves, steps, etc. on the pin, of which the pin 
break groove must necessarily be the smallest so as to 
prevent the pin from breaking at an improper point. At 
the same time, the pin break groove diameter sets an 
upper limit for the pulling force which can be applied to 
the pin during fastener installation, which in turn limits 
sleeve wall thickness, the size and strength of the blind 
heads, and the degree and extent of hole fill achieved. 

Further, because of the internal steps, counterbores 
and other features required on sleeves of prior art fas- 
teners it is conventional in the art to fabricate the 
sleeves from solid wire stock by a progressive cold 
forming process which makes it very difficult to main- 
tain close tolerances in uniformity of sleeve wall thick- 
ness, concentricity of the sleeve bore and squareness of 
the blind side sleeve end surface against which bears the 
pin head. All these are factors which affect the unifor- 
mity and reliability of the joints obtained with the fas- 
teners and close control over the same is highly desir- 
able. 

A continuing need therefore exists for fasteners hav- 
ing superior pin strength in relation to maximum pin 
diameter so that heavier sleeves can be compressed for 
a given pin diameter resulting in stronger and larger 
blind-side heads, improved and more uniform hole fill, 
and greater installed fastener strength while using simi- 
lar pin and sleeve materials. Such an improved fastener 
should be simple and inexpensive to manufacture with a 
minimum number of parts. It is further desirable to 
make the fastener parts from raw materials and by man- 
ufacturing processes which ininimize tolerance critical- 
ity problems. 

SUMMARY OF THE INVENTION 

The present invention addresses these and other 
shortcomings of prior art fasteners by providing a pull- 
type blind fastener having a sleeve of continuous inner 
diameter with a sleeve head formed at one end, and a 
pin axially slideable through the sleeve but permanently 
bonded to the blind-side end of the sleeve. Unlike previ- 
ously known pulltype fasteners, the pin is pre-locked to 
the sleeve prior to installation to thereby eliminate the 
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need for either a locking collar element or a locking effect of the annealing process and to restore the treated 

groove on the pin. As a result, the pin break groove can section of sleeve wall at least partially to its original 

be enlarged in diameter thereby increasing the maxi- hardness, thereby improving the strength of the formed 

mum mstaUation load I which can be applied to the pin. bulb. Further, the annealed sleeve section can collapse 
The sleeve head is deformable and folds inwardly upon 5 axially to a greater or lesser extent and within limits 

application of the relative pulling force so as to engage permits a range of operative fastener grips so as to ac- 

a stop element on the pin thereby limiting axial travel of commodate variations in workpiece thicknesses for a 

the pin through the sleeve. particular fastener size. 

The pin shank includes a first shank section adjacent A "flagging" feature for spotting improper fastener 
to the pre-locked pin end having a first diameter sub- 10 installations may be incorporated by constructing and 

stanbally equal to the internal diameter of the sleeve, configuring the pin head such that it cannot alone with- 

and a second shank section of reduced diameter which stand the pulling force applied to the pin during fastener 

extends through the bore in the sleeve head to protrude installation, but will withstand the fastener installation 

exteriorly to the sleeve. Annular lands are formed on load in cooperation with the pre-locking bond between 
the protruding shank portion defining therebetween a 15 the pin head and the sleeve. Thus, in the event that the 

series of pull grooves on the second shank section. The pre-locking bond fails to meet minimum strength crite- 

land crests have a diameter intermediate the first and ria in a particular fastener, the pin head will fail struc- 

second shank section diameters and preferably equal to turally and allow the pin to travel axially through the 

tiie diameter of the first shank section. The pull groove sleeve beyond a flush breaking position so that a portion 
diameter may be jonty slightly smaller than the diameter 20 of the first shank section will protrude through the 

of the second shank section so as not to substantially sleeve head providing an immediate visual indication or 

weaken the pin. An annular stop shoulder is defined at "flag" of a substandard joint 

!~!r£ anSItl ? n b ? tween ' he flrst and <*? Md shank A still further benefit derived from the novel fastener 

secttons and a pin t break groove or breakneck is defined design is that the annular pre-locking bond between the 

on the second shank section preferably immediately 25 pin head and the sleeve seals the sleeve bore against 

adjacent the stop shoulder. The breakneck is sized so as internal fluid flow through the Lener . The iiS 

of th^fi e ^ P m d ° n f,* epkShf ^ bUt J b ^ fastener j Qint ^ «* « ad * completeSTuS 

of the smaU depth of the pull grooves permitted by the tight by provision of a simple external seal between the 

use of annular lands and Ae absence of other grooves, it sleeve and the workpiece, such as an O rtag, a rSnient 

* possible to mmtmize the depth of the breakneck, and 30 washer or jacket about the sleeve, or a fcy« Thqufd 

thus retam strength considerably in excess of what has sealing compound applied over the fastener sTeeve prior 

%ZZ7f f P xk faStener FT f com P Mable to i* insertion into the workpiece installation hole 

mstalled diameter The diameter of the first pin shank Fluid-tight blind rivets are highly desirable particularly 

section is the installed diameter of the pin since the in the construction of so-cllled wet aircrXwrngs 

«ood shank section ,s broken off at the pin break 35 where the hollow wing also serves as a fuel tank. ™he 

& l a £££ I 66 ?- - attem P ts to ™«™* bright blind rivets have 

J jJn* V , Pr T ed emb ° d «? e _ nt *e pm is pro- been frequently frustrated because of internal leakage 

^^E^^^^^ *™f™ r ^ trough the fastener sleeve bore, a problem ove^me 

sleeve and abuts against the blmd-side end of the sleeve by the present invention 

^Lv,h J,H°U ^ ' gd T U v Vel , t0WardS the 40 prescnt fastcner dcsi S n °P tin ^es pin strength for 

£l a nv ^n/™ ^ thC t eVe , by mCt - 8 * ven iBMBBi P^ permitting^* 

aUurgically bonding the pm head to the blind-side favorable pin-to-sleeve cross sectional area ratios re- 

t!Z P ermanentl y I*» ^d suiting in improved instaUed fastener ^engT The 

T£ ^iT» o ™iZr &tl0a iOm ^V 1 '™' The enhanced mstallation load France of tne pin perS 

iTwiuoS wS S^T* 1 ST - V T* 45 ¥ m ° f Simi,ar Pin materials for ^ and P^. 

ml £ J£?T Wl * the . sl f evc »*» fonmn 8 an abut- eliminating the aforementioned problems associated 

ment for the nose of the fastener installation tool. The with the use of dissimilar metals. The lack of intend 

if , he8d T* m ,tS factured from continuous wall thickness constant diam- 

S^f Y h ? 1 . tbe P rotrudm S Pull-grooved 50 eter tubing stock ensuring a high degree of uniformly 

K h f Pm ^ " eng8ged hy ,he to"**** sleeve characteristics, particularly in ter^ ofsEe 

tool the tool nose bears agamst the abutment which wall thickness and concentricity wWch^educcs the 

yields under the mstaUation loading and folds to a con- likelihood of improper blind head Sations common 

mhon where the central opening in the sleeve head is in prior art fastened Sleeve blantoTe Dreoa^ed Tbv 

f °- engagi ? g *f St °P Mulder on 55 cutting off tubing ^^Un^L^Sto^tS 

Jeeve £th ftS^JJT 1 ° • the r f tb T gh * e mg stock «"» Ae deeve head is readily formed as by 

SSnT^ 6 6 ^ f0F flUSh piR fonniDg on the s,eeve Wanks. The pin is then Z 

A v*j„ „„ . . . , serted through and bonded to the fabricated sleeve 

J£$T P* 6 * ,1 s - Cre f ted fa totermediate These and other advantages of the preset invention 

loading of the sleeve between the sleeve head and the BRIEF DESCRIPTION OF THE DRAWINGS 

Wind-side end by the installation tool, the sleeve col- 65 FIG. 1 is a longitudinal view nartlv in section of a 

apses axtally and expands preferentially within the blind fastener acclrdingTo £T pre 2 toventiT 

SKES"" SeCh ° V° ^ Ae Wmd - Side bulb - ^ FIG. 2 is a similar view of ttefcte"aT F 'lG 1 

bulb formmg process tends to reverse the weakening disposed within aligned openings in a workpiece to 'be 
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fastened, and showing the fastener engaged by the nose 
of an installation tool preliminary to setting of the fas- 
tener. 

FIG. 3 shows the fastener of FIG. 2 in a first interme- 
diate stage of the setting process prior to formation of 5 
the blind head. 

FIG. 4 shows the fastener of FIG. 3 in a more ad- 
vanced intermediate stage of the setting process 
wherein the blind head has formed but prior to pin 
break off. 10 

FIG. 5 shows the fastener of FIG. 1 fully installed. 

FIG. 6 is an axial cross-section of the fastener taken 
along line A— A in FIG. 1. 

FIG. 7 is an enlarged view of the fastener portion 
enclosed in circle B in FIG. 1 showing the pre-locking 15 
bond between the pin head and the sleeve. 

FIG. Sb shows a sleeve with a formed countersink 
style head for a fastener according to this invention 
fabricated from the sleeve blank shown in FIG. 8a. 

FIG. $d shows a sleeve with a formed protruding 20 
style sleeve head for a fastener according to this inven- 
tion fabricated from the sleeve blank shown in FIG. 8c. 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 



25 



With reference to the drawings, FIG. 1 shows a blind 
fastener 10 constructed according to the present inven- 
tion. The fastener 10 includes a tubular sleeve 12 and a 
pin 14 disposed axially through the sleeve. The pin 14 
includes a generally cylindrical pin head 16 external to 30 
the sleeve 12 and in abutting contact with the blind-side 
end 18 of the sleeve. The pin head 16 has an annular 
undersurface 20 which defines a substantially square 
shoulder with the pin shank. The blind-side sleeve end 
18 is cut square to the longitudinal axis of the sleeve so 35 
as to form an annular transverse end surface perpendic- 
ular to the sleeve axis and opposing the pin head under- 
surface 20. The shank of the pin 14 includes a first shank 
section 22 which has a diameter substantially equal to 
the internal diameter of the sleeve 12, or just slightly 40 
undersized thereto so as to make a close sliding fit with 
the sleeve. Shank section 22 is immediately adjacent to 
the pin head 16 and terminates at a breakneck groove 
24. A second pin shank section 26 extends from the 
breakneck 24 to a free outer end (not shown) of the pin 45 
14. The second shank section 26 has a diameter reduced 
in relation to the diameter of first shank section 22. The 
diametral transition between the two shank sections 
forms an annular substantially square stop shoulder 28 
at the end of shank section 22 adjacent to the pin break 50 
groove 24. 

The sleeve has a hollow clamshell shaped sleeve head 
32 formed at its outer end. Between the blind-side end 
18 and the sleeve head, the sleeve 12 is of uniform outer 
diameter and has a smooth internal through-bore 30 of 55 
uniform diameter. In the illustrated embodiment the 
sleeve head 32 is of the countersink style and has a 
conical undersurface 34. The sleeve head terminates in 
an outwardly facing end wall defining a generally coni- 
cal truncated raised abutment 36 centrally apertured by 60 
a sleeve head through-bore 38 coaxial with the sleeve 
bore 30. 

The first shank section 22, the breakneck groove 24 
and an inner portion of the second shank section are 
contained within the sleeve 12 while the second shank 65 
section 26 of reduced diameter extends through the 
sleeve head bore 38 and terminates exteriorly to the 
sleeve 12. A series of annular lands 42 arid pull grooves 



40 are roll formed on the exterior portion 58 of the 
second shank section 26. Roll fonning results in metal 
displacement such that when a thread, annular groove 
or the like is rolled into the part, the crest of the annular 
land grows in diameter by approximately the same 
amount as the root or groove diameter decreases. It is 
therefore well understood in the art that rolling is done 
in a pitch diameter 44 (indicated in dotted lining in FIG. 
1) which is approxiamtely one groove height less than 
the desired finished outside diameter of the rolled sec- 
tion, Le. the land diameter 42. 

In the fastener of FIG. 1, the sleeve bore 30, the first 
pin shank section 22, the sleeve head bore 38 and the 
pull groove lands 42 are all substantially equal in diame- 
ter. The portion of the second pin shank section 26 lying 
between the pull grooved portion and the breakneck 24 
is smaller in diameter than the sleeve head bore 38 and 
equal to the pull groove pitch diameter 44. 

The fastener is assembled by inserting the pin 14 into 
the blind-side end of the sleeve 12 until the pin head 16 
abuts against the sleeve. In an initial or normal condi- 
tion of the fastener 10 before installation, the rim of the 
sleeve head bore 38 makes a near net fit with the pull 
groove lands 42 Le. allows the pull grooved portion of 
the pin to just past through the sleeve head without 
diametrical interference. Once the pin is assembled to 
the sleeve, the sleeve and the pin are permanently 
joined together by an annular pre-locking bond 46 be- 
tween the pin head undersurface 20 and the blindside 
end surface of the sleeve as indicated in FIG. 1. The 
pre-locking bond may be formed by brazing, soldering, 
or other suitable metallurgical process capable of form- 
ing a high-strength bond with the particular pin and 
sleeve materials used. For steel alloy materials silver 
brazing has been found suitable. The pre-locking bond 
46 is annular, extending the full circumference of the 
sleeve end surface and annular pin head undersurface' 
20, and as better seen in FIG. 7 further extends axially a 
small distance into the space between the pin shank and 
the sleeve. The pre-locking bond thus has a butt end 
component and an axial component, the latter being 
primarily responsible for cooperating with the pin head 
in resisting the fastener installation load. Molten solder 
is directed into the sleeve bore for forming the axial 
component of the bond by a slight chamfer or similar 
shape at the end of the sleeve bore which can be easily 
and conveniently formed by appropriately shaping the 
bottom stop which supports the sleeve blank during 
cold formation of the sleeve head, the bond 46 also 
makes a fluid tight seal between the pin head 16 and the 
sleeve 12, closing the sleeve bore 30 against fluid flow. 

An intermediate section 62 of sleeve 12 is selectively 
annealed to create a hardness gradient between the 
sleeve ends. The hardness gradient includes a zone of 
reduced hardness of the sleeve material in relation to 
the untreated end portions of the sleeves. Thus, the 
hardness of the sleeve material is uniform along the 
undertreated end sections of the sleeve and falls off 
towards a minimum hardness within the annealed sec- 
tion 62. For a more detailed explanation of the sleeve 
annealment and of the hardness gradient obtained 
thereby reference is made to U.S. Patent 3,253,495 is- 
sued to OrlofL 

Installation of the fastener 10 to make a joint in a 
workpiece is shown in the sequence comprising FIGS. 
2-5. Turning to FIG. 2, the fastener 10 is shown in- 
serted into aligned workpiece openings 48 defined in 
juxtaposed workpiece panels 50 and 52 to be joined by 
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means of fastener 10. The hole 48 in outer panel 50 is With reference to FIG. 6, the relative cross sectional 

shaped to define a conical seat for the undersurface 34 areas of the sleeve wall 70 and pin shank section 22 may 

of the sleeve head 32 such that the top 54 of the sleeve be compared in relation to the overall fastener cross 

head 32 is flush with the outer surface 56 of workpiece sectional area, i.e. the area encompassed within the 

panel 50. The conical abutment 36 projects from the 5 outer sleeve circumference. It has been determined for 

sleeve head top 54 and terminates at the circular edge of the fastener 10 of this invention, using similar materials 

bore 38 above the panel surface 56. for the pin and the sleeve and taking into account the 

The outer pull-grooved portion 58 of the pin stem is weakening of the sleeve 12 by partial and selective 

engaged by the nosepiece of a conventional single ac- annealement, that the optimum sleeve wall 70 cross 

tion, pull-type installation tool with the driving anvil 60 10 sectional thickness is between 45% and 55% of overall 

of the nosepiece bearing against the uppermost end of fastener cross sectional area with a presently preferred 

the raised abutment 36, i.e. against the rim surrounding figure of 50% for optimal balance of the relative 

the sleeve head bore 38. In the initial condition of FIG. strengths of the pin 14 and the sleeve 12. 

2, the sleeve head 32 only partially contacts the anvil 60 For a given installed pin diameter, i.e. the diameter of 

due to the raised abutment 36. While only the nose 13 P» section 22, the strength of the pin 14 is limited by the 

portion of the installation tool is illustrated, its construe- weakest point along the pin between the head 16 and 

tion, function and operation are well known in the art. the grooves 40. This weakest point necessarily must 

In general, the projecting end 58 of the pin is engaged be at ^ P" 1 break groove 24. The breakneck diameter 

within the installation tool which, when actuated, pulls therefore determines the maximum installation load 

axially on the pin while applying a reaction force 20 w J" ch can be carried by the pin 14. In order to maxi- 

against the sleeve head 32 through the nosepiece anvil tD ^ zc P°ssible installation load for a given installed 

60. ~ pm diameter it is therefore desirable to maximize the pin 

Turning to FIG. 3 which illustrates a first intermedi- diameter at the breakneck. This in turn requires that the 

ate stage of the fastener installation, relative pulling dcpth of the & 00y/cs *> e miiumized since the pull 

force has been applied by the installation tool between 25 groove diameter must be S^er than the breakneck 

the pin and the sleeve head, causing the nose anvil 60 to d,amet er. This objective is attained by roll forming the 

react against and push inwardly on the raised abutment ^ &°°ves in the manner already described, rather 

36, folding and flattening the raised abutment to an . majlimmg or cutting the pull grooves into the pin 

installed condition where the sleeve head 32 has a sub- , ft 5 Ctl0n 26 , cb would result m a smaUer P* 11 8 roove 

stantially flat outer or end face 55 flush with the work- 30 d ! amctcr ^ d consequently a still smaller breakneck 

piece face 56. Upon flattening of the conical abutment ^f^P^* 6 pm 14 «^tly fabricated with the 

the sleeve head bore 38 is reduced from its normal aper- Sha f* 86011011 ? diameto ; (the P^h diameter) approxi- 

ture to a smaller diameter 38' substantially equal to the T I T PU ?i gT °° VC de P th L leSS than the shank se °- 

diameter of second pin shank section 26 but in any event „ ^2* P f gT °° V * d ept^ measured between 

smaller than the diameter of first pin shank section 22. 35 2* ° f puU land * 2 *** the ac t tual b ° ttom of 

At this stage, the relative pulling force applied between PUU U P° n fubseque nt ^ of the pull 

the pin and the sleeve is squeezed betweLTpui S ^ ove « themselves, the lands 42 are formed which 

16 and the nosepiece 60. The compressive axialtoadmg £ ^Z^?^ the 

of the sleeve 12 causes the «l eevP wa ii 7n tn pitch diameter H the net diametral difference between 

workpiece panels as the sleeve expands diametrically Sh^™ T 1 In £ 

a. thf rJaiivp r..,iii n » f«~. ^ZZJZT tne eduction in diameter of the pin shank sec ion 26 has 

sive f££ ™ TpSS 8 ^"inues, the "mKf been found optimum at 0.003 inches to 0.005 inches less 

sWn tJma ?^h^l b l, bm HK ead between 3/32 «"> • »**«• » * anticipated that larger 

hownmFIO. 4. The bub 64 so obtained has ;a rela- size fasteners would require appropriate modification in 

SA^t T™^ SUrfaCe 1 2££ bCarS this ^ ^o««aid difference of some 0.004 

against the blmd-side of workpiece panel 52. The axial mches £ also ^ difference ^en^n 

collapse of Ae sleeve 12 attendant to blind head forma- 50 shank cations 22 and 26 and is twice tteradkTwSth of 

r^r, Pm H- 4t °i raVe ^ yto ? 8hthep0r - thesto ps houlder2aitmmtbeapprec4SZeste P 

Z 2^£,2hTl T *\ WOlk £r element at the shoulder 28 is «* extraneously 1*5 

mgs 48 and through the sleeve head bore 38' until the duced for the sole purpose of stopping axial travel ofthe 

top shoulder 28 comes into contact with the edge 68 of pin . Rather it is a necessary tradition dictated by fte 

the reduced sleeve head bore 38 , mechamcaUy stop- 55 aforementioned desii^big to roll-form the pull 

IZ S ttaV u ° f , the Pm slee , ve & owes - Skce Mulder 28 is inherently created by 

n^lTnT? i, .T ^ l rC0Ve 24 / 0Sl ^ for these other requirements, it is advantageously used in 

WW« 8 Wltb ° Uter feCe 55 ° f the the P resent f ~ as a means for stopping axial travel 

rZ*£Z* w r , • ^ u u „• of the pin with the breakneck flush to the sleeve head in 

Continued pulling force applied by the installation 60 cooperation with the deformable sleeve head 32. 

i, a"*}*? thC grOOV P e Whh b0th " is P resentl y P referred t0 make both the sleeve 12 

sn .1 IT 56 0f t *5 WOrk - and P u 14 of ^ar «eel alloys, and to make the pin 

X « ?• * S> ^ S S? WS *^ fastener h «d/steeve bond 46 by silver brazing. The sleeve head 

m its final instolled or set condition. The section 22 of 32 is. manufactured by cold forming continuous wall 

>™ T 8 "!? m - ^ Slee ? * locked 65 thickness tubing with a punch and dye in a conventional 

agamst withdrawal and separation from the sleeve by maimer. The sleeve head undersurface 34 may have a 

the pre-locking bond 46 between the pin head and the conventional 100 degree included angle countersink, 

eeve< and the raised abutment 36 may be a conical end wall 
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portion rising at an angle of between 15 to 30 degrees Thus, if in a particular fastener the pin head/sleeve 

with a 23 degree angle being preferred relative to a bond 46, and particularly the axial component of the 

plane transverse to the sleeve axis. The diameter of the bond 46, should fail to meet the required shear strength 

breakneck 24 is approximately 85% of the installed pin characteristics, the pin head will yield axially under the 

diameter, a figure which substantially improves over 5 installation load because without an adequate bond 46 

breakneck sizes of prior art fasteners. This relatively the pin head alone has insufficient strength to transmit 

large breakneck diameter allows use of a pin of rela- the compressive forces to the blind-side end of the 

tively small installed diameter because the load bearing sleeve so as to form the blind head. The pin head thus 

strength of the pin is not as greatly diminished by the fails structurally, allowing the pin 14 to travel axially 

breakneck groove as has been previously the case. The 10 through the sleeve bore 30 and through the sleeve head 

relatively small installed diameter of the pin permits a bore 38' even though the sleeve head 32 has folded 

corresponding increase in the sleeve wall thickness, inwardly and the diameter of the sleeve head bore is 

permitting the use of a more rugged sleeve which is reduced. In the absence of a positive interlock between 

successfully axially collapsed by a relatively small pin. the pin head and blind-side sleeve end the installation 

A thicker sleeve wall is not only desirable for im- 15 load applied between the pin and the sleeve head by the 

proved installed fastener strength but it is conducive to installation tool is insufficient to force the enlarged 

improved compressive hole fill and proper blind head diameter of the stop shoulder 28 through the reduced 

formations. Further, a heavy sleeve wall increases the diameter of the sleeve head bore 38'. The result is that 

area of contact between the blind-side end surface of the the breakneck 24 moves out of the sleeve head 32 be- 

sleeve 12 and the undersurface 20 of the pin head, pre- 20 yond the workpiece outer surface 56 and the installed 

viding a more substantial bearing face of improved pin breaks in a position which is substantially beyond 

compressive hole filling action. Good hole filling action (lush. This condition is readily apparent visually or 

is further promoted by the ability to use seamless con- otherwise and is indicative of an improper fastener joint 

tinuous wall thickness tubing as the starting material in requiring replacement. The shear strength of the pin 

the manufacture of the sleeve, because of the character- 25 head 16 can be limited in a variety of ways. One ap- 

istic consistency of size, thickness and concentricity of proach is suggested in FIG. 7 where the pin head 

such tubing. The uniformity of the seamless tubing cou- strength has been adjusted by provision of a conical 

pled with the large bearing end surface of the sleeve is dimple 72 in the end surface of the pin head. It is antici- 

also beneficial in obtaining optimum blind head shapes pated that the most likely failure mode is by shearing 

and avoiding improper head forms such as tulip bulbs. 30 along dotted line 74. The pin head shear resistance can 

Proper blind head formations are still further encour- also be adjusted by varying the axial thickness of the 

aged by the positive pre-locking bond between the radial shoulder of the pin head abuting against the 

sleeve end and the pin undersurface. sleeve, or by varying the curvature of the pin head 

In certain applications it is highly desirable that the shoulder 76, or by a combination of these methods, 

fastener feature a self-inspecting or "flagging" device. 35 The fastener structure disclosed herein can be manu- 

The term "flagging" is well understood in the art to factured by more efficient and economic use of materi- 

define a condition whereby the fastener will selectively als than has been possible in the past. Both the pin and 

malfunction in the event of improper fastener use, selec- the sleeve can be formed of similar material and with 

tion, or quality problem associated with a specific fas- little or no loss of material due to costly and waistful 

tener installation which is not otherwise apparent to the 40 drilling or other metal cutting operations. Further, the 

installer. The fastener if properly installed will show a consistency and uniformity of dimensional tolerances 

pin broken off substantially flush with the outer face of and concentricity made possible by use of continuous 

the rivet head as shown in FIG. 5. If particular fastener wall thickness tubing stock and the optimized balance 

is set with the pin broken in a position which is not of relative cross-sectional pin and sleeve wall areas 

substantially flush, the particular fastener should be 45 made possible by the novel pin structure and coopera- 

considered and improper fastener installation and tion with the deformable sleeve head produces a simple, 

should be removed and replaced. These are well known reliable and strong blind fastener which can be installed 

and accepted practices in the art, and the range of ac- with either single action or double action conventional 

ceptable and unacceptable installed pin positions are blind rivet setting took 

specified for each fastener size within a family of fasten- 50 As may be seen FIGS. 9b and Sd the concept of a 
ers. deformable sleeve head is not limited to a particular 
Following installation of the present fastener the pin style of head. FIG. Sb shows a countersink style head 
is retained to the sleeve of the unit primarily or solely by while FIG. W illustrates the novel concept adapted to a 
the pre-locking bond 46. Should this bond fail or be of protruding head style. These and still other head styles 
substandard strength, the defect is not discernible to the 55 can be formed on sleeve blanks 33 shown in FIGS. 8a 
installer since it is hiden on the blind-side of the work- and 8c respectively which are sections of cylindrical 
piece. It is therefore desirable to provide a self-testing tubing of continuous wall thickness and constant diame- 
feature for testing the integrity of the pin pre-locking ter cut from longer lengths of seamless tubing stock, 
bond 46 in each installed fastener. Such a feature can be While the pre-locking feature enables a substantial 
incorporated in the present fastener by configuring and 60 advance over the prior art and is of major importance to 
dimensioning the pin head 16 such that it has an axial the novel blind fastener here disclosed, it should also be 
shearing strength which is approximately 75% of the understood that in less critical fastener applications it 
installation load required to compressively form the may be possible and advantageous to omit the pre-lock- 
sleeve blind head 64. The pin head/sleeve bond 46 is ing bond between the pin and the sleeve without other- 
then selected to have an axial shearing strength which 65 wise altering the fastener structure which remains oper- 
when added to the pin head axial shear strength, the ative provided the pin head is constructed so as to alone 
combined strengths will suffice to prevent shearing of withstand the installation load. In such a simplified, 
the pin head and to properly form the blind head 64. lower cost embodiment the pin is not positively retained 



01/30/2004, EAST Version: 1.4.1 



13 



4,826,372 



in the installed fastener and reliance is placed only on 
the sleeve for integrity of the joint. 

While a preferred embodiment of the invention has 
been shown and illustrated for purposes of explanation 
and clarity, it must be understood that still other 5 
changes, modifications and substitutions to the de- 
scribed embodiment can be made by those possessed of 
ordinary skill in the art without departing from the 
spirit and scope of the present invention which is de- 
fined only by the following claims. io 

What is claimed is: 

1. A pull-type blind fastener suitable for installation 
with a single-action riveting tool comprising: a tubular 
sleeve having a blind side end and an opposite head end, 

a pin disposed slidably axially through said sleeve and 15 
projecting from said head end, said pin being perma- 
nently bonded to said blind side sleeve end for collaps- 
ing the sleeve upon application of sufficient differential 
pulling force between said projecting pin and the head 
end of said sleeve thereby to form a bulb on said sleeve; 20 
said sleeve being deformable by said relative pulling 
force prior to said bulb formation to a condition 
engageable with stop means on said pin for limiting 
axial travel of said pin through said sleeve in re- 
sponse to said differential pulling force, said sleeve 25 
initially being apertured to pass said stop means. 

2. The fastener of claim I wherein both said pin and 
said sleeve are metallic and said pin is metallurgically 
bonded to said blind side end. 

3. The fastener of claim 1 wherein said sleeve has an 30 
annealed intermediate section which collapses axially 
and bulges preferentially to form a blind-side bulb. 

4. A pull-type blind fastener comprising: a tubular 
metallic sleeve having a blind side end and an opposite 
head end, a metallic pin disposed slidably axially 35 
through said sleeve and projecting from said head end, 
said pin being permanently metallurgically bonded to 
said blind side sleeve end for collapsing the sleeve upon 
application of sufficient differential pulling force be- 
tween said projecting pin and the head end of said 40 
sleeve, said sleeve having an annealed intermediate 
section which collapses axially and bulges preferentially 

to form a blind-side bulb, stop means on said pin, and a 
head on said sleeve deformable by application of said 
relative pulling force to a condition engageable with 45 
said stop means for limiting axial travel of said pin 
through said sleeve in response to said differential pull- 
ing force. 

5. A pull-type blind fastener comprising: 

a tubular sleeve including a sleeve head with a raised 50 
abutment formed integrally thereon; 

a pin axially slidable through said sleeve, said pin 
engaging said sleeve for axially collapsing the 
sleeve upon application of sufficient relative pull- 
ing force between the opposite free end of said pin 55 
and said raised abutment on said sleeve head; 

stop means on said pin; 

annular lands near said free pin end defining a series 
of pull grooves; 

said sleeve head being initially apertured for passing 60 
said annular lands and said stop means, said head 
being deformable by said relative pulling force to 
an installed condition of reduced aperture wherein 
axial movement of the pin through the sleeve is 
stopped by engagement of said stop means with 65 
said deformed head. 

6. The fastener of claim 5 wherein said pin includes a 
pin head engaging a blind side end of said sleeve, and 
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prelocking bond means permanently locking said pin 
head to said sleeve against withdrawal therefrom. 

7. The fastener of claim 6 wherein said pin head is 
designed to fail structurally upon application of said 
differential pulling force in the event said pre-locking 
bond fails to meet minimum strength criteria and 
thereby allow said pin to be drawn through said sleeve 
beyond engagement of said stop means to a flagging 
installed position visually indicatve of a substandard 
pre-locking bond. 

8. A pull-type blind fastener comprising: 

a tubular sleeve having a head structure integral with 
said sleeve; and 

a pin axially slideable through said sleeve and locked 
at one end to said sleeve for axially collapsing said 
sleeve upon application of relative pulling force 
between a free end of said pin and said head, said 
head being deformable prior to said axial collapse 
by said relative pulling force for engaging stop 
means provided on said pin so as to limit axial 
travel of said pin through said sleeve. 

9. The fastener of claim 8 further comprising prelock- 
ing bond means permanently securing said pin against 
withdrawal from said sleeve. 

10. The fastener of claim 9 further comprising a pin 
head on said pin in abutment with said one sleeve end 
for locking said pin against axial movement through the 
sleeve towards said head structure, and flagging means 
for visually indicating a substandard pre-locking bond 
in an installed fastener. 

11. A pull-type blind fastener comprising: 

a tubular sleeve having a blind-side end and a sleeve 
head formed at its opposite end, said rivet head 
having a conical outer abutment defining a sleeve 
head bore; 

a pin including a pin shank extending slideably axially 
through said sleeve and having a pin head in abut- 
ment with said blind-side sleeve end for locking 
said pin against axial movement through the sleeve 
towards said sleeve head, said pin stem having a 
first shank section of a first diameter adjacent said 
pin head and a second stem section of reduced 
diameter extending through said sleeve head to the 
exterior of said sleeve, a plurality of pull grooves 
between annular lands on second stem section exte- 
riorly to said sleeve, a break groove between said 
first and second stem sections and a stop shoulder 
at the end of said first stem section adjacent said 
groove; 

said sleeve head bore having a normal diameter ad- 
mitting passage of said annular lands and said stop 
shoulder through said sleeve head such that said 
pin may be inserted into said sleeve from the blind- 
side end thereof, said sleeve head being deformable 
to an installed condition, upon application of rela- 
tive axial pulling force between the pin and the 
rivet head so as to axially collapse said sleeve, the 
diameter of said bore in said installed condition 
being reduced to less than said first diameter 
thereby to engage said stop shoulder at said sleeve 
head for limiting axial movement of said pin 
through said sleeve with said break groove in pre- 
determined relationship with said rivet head. 

12. A pull-type blind fastener comprising: 

a tubular sleeve having a blind-side end, a hollow 
clamshell sleeve head including an undersurface 
portion and a generally conical raised abutment 
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formed on its opposite end, and an intermediate 
sleeve portion of reduced hardness; 
a pin disposed axiaily through said sleeve, said pin 
having a pin head in abutment with said blind-side 
sleeve end so as to lock the pin against axial move- 5 
ment through the sleeve towards said head end, a 
first pin shank section connected to said pin head 
and having an outer diameter substantially equal to 
the inner diameter of said sleeve, and a second pin 
shank section of lesser diameter than said first sec- 10 
tion extending through an opening defined by said 
raised abutment in said sleeve head such that a 
portion of said second shank section is external to 
said sleeve; 

a plurality of pull grooves on said external shank 15 
portion defined between annular lands of diameter 
greater than said second shank section; 

a stop shoulder and a breakneck between said first 
and second shank sections, said sleeve head open- 
ing having a normal diameter greater than that of 20 
said annular lands and said stop shoulder so as to 
permit insertion of said pin through said sleeve 
from said blind-side end; 

said raised abutment being deformable from a normal 
to a relatively flattened installed condition upon 25 
application of relative pulling force between said 
pull grooved external shank portion and said raised 
abutment sufficient to axiaily collapse said sleeve 
by pulling the pin partially through the sleeve so as 
to form a bulbed head on the sleeve within said 30 
portion of reduced hardness, said head opening 
being reduced in said installed condition prior to 
formation of said bulbed head to a diameter lesser 
than that of said stop shoulder thereby to stop axial 
displacement of said pin through said sleeve with 35 
said breakneck in substantially flush relationship to 
said sleeve head by engagement of said stop shoul- 
der with the deformed abutment, whereby the 
installed pin shank has a continuous diameter sub- 
stantially equal to the sleeve inside diameter. 40 

13. The fastener of claim 12 wherein said pin head is 
pre-locked by a permanent bond to said blind-side 
sleeve end for retaining the pin against separation from 
the sleeve. 

14. The fastener of claim 13 wherein said pin head is 45 
constructed and configured to fail structurally upon 
application of said relative pulling force in the event 
said bond fails to meet minimum strength criteria upon 
application of said sufficient relative pulling force 
thereby allowing the pin to be drawn through the sleeve 50 
beyond said flush relationship as a visual indicator of a 
substandard bond. 

15. The fastener of claim 12 wherein said sleeve por- 
tion of reduced hardness is a selectively annealed sleeve 
portion intermediate two sleeve end sections of greater 55 
hardness. 

16. The fastener of claim 12 wherein said sleeve is a 
length of continuous wall thickness cylindrical tubing 
of smooth internal bore between said blind-side end and 
said sleeve head, 60 

17. The fastener of claim 16 wherein said head is cold 
formed on a length of continuous wall thickness con- 
stant diameter tubing. 

18. The fastener of claim 12 wherein said sleeve and 
said pin are both made of substantially similar material. 65 

19. The fastener of claim 12 wherein said sleeve and 
said pin are made of substantially similar metallic mate- 
rial. 



20. The fastener of claim 12 wherein both said sleeve 
and said pin are made of steel. 

21. The fastener of claim 12 wherein both said sleeve 
and said pin are made of aluminum. 

22. The fastener of claim 13 wherein said pre-locking 
bond is a metallurgical bond. 

23. The fastener of claim 13 wherein said bond alone 
is insufficient to lock said pin to said blind-side sleeve 
end against said sufficient relative pulling force without 
substantial resistance of said pin head against said blind- 
side sleeve end. 

24. The fastener of claim 12 wherein said annular 
lands have a diameter substantially equal to that of said 
first shank section. 

25. The fastener of claim 12 wherein the cross sec- 
tional area of said first pin shank section is less than 60 
percent of the total cross sectional area encompassed by 
the sleeve circumference whereby a relatively heavy 
sleeve is axiaily collapsed by a relatively small pin. 

26. The fastener of claim 12 wherein the diameter of 
said first shank section is at least equal to that of said 
annular lands and the diameter of said second shank 
section is slightly undersized to both said first shank 
section and said annular lands, said normal head open- 
ing diameter making a substantially close fit with said 
annular lands and reducing to an installed diameter 
smaller than the diameter of said first shank section. 

27. The fastener of claim 26 wherein said breakneck 
has a diameter in excess of 70% of said first shank sec- 
tion diameter. 

28. The fastener of claim 26 wherein the breakneck 
diameter is approximately 85% of said first shank sec- 
tion diameter. 

29. The fastener of claim 12 wherein said abutment 
face in said normal condition is a generally conical top 
end wall of said sleeve head coaxial with said sleeve 
with said bore being at the narrow end of said conical 
portion and said abutment face in said installed condi- 
tion is flattened to a substantially planar condition trans- 
verse to the sleeve axis. 

30. The fastener of claim 28 wherein said sleeve head 
has a conical countersinkable undersurface connecting 
said top end wall to said sleeve. 

31. The fastener of claim 31 wherein sleeve head is a 
round style head with a flat undersurface transverse to 
the sleeve axis and said top end face retains a domed 
configuration in said installed condition. 

32. A pull-type blind fastener adapted for installation 
with either a single action or double action setting tool 
of the type having a nose adapted to engage and pull the 
pin of a fastener and an anvil on the nose for reactively 
engaging the sleeve of the fastener thereby to apply a 
relative pulling force between the pin and thus set the 
fastener in a workpiece, said fastener comprising: 

a tubular sleeve having a sleeve bore of continuous 
inner diameter between a blind-side end and a 
sleeve head formed on its opposite end, and an 
intermediate selectively annealed section on said 
sleeve; 

a pin having a pin shank axiaily displaceable through 
said sleeve bore but locked against such displace- 
ment towards said head by a pin head abutting 
against said blind-side sleeve end, said pin shank 
including a smooth ungrooved first pin shank sec- 
tion adjacent said head and having a diameter sub- 
stantially equal to said continuous sleeve bore di- 
ameter, a second pin shank section of slightly re- 
duced diameter relative to said first section and 
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extending through a bore in said sleeve head a 
plurality of pull grooves defined between radial 
lands on said second pin shank section exteriorly to 
said sleeve head, a breakneck between said first and 
second sections, and a single stop shoulder at the 5 
end of said first section adjacent said breakneck 
that of said radial lands having a diameter substan- 
tially equal said stop shoulder; 
said sleeve head including an outer abutment engage- 
able by the anvil of the setting tool and defonnable 10 
by the reactive engagement of the setting tool anvil 
from a normal condition wherein said bore has a 
normal diameter greater than said stop shoulder 
and admitting passage of said stop shoulder and 
radial lands to an installed condition wherein the 15 
diameter of said bore is reduced so as to engage 
said stop shoulder and thereby stop axial displace- 
ment of said pin through said sleeve with said 
breakneck in flush breaking alignment with said 
sleeve head, the pin portion remaining within said 20 
sleeve after installation having a continuous diame- 
ter substantially equal to the sleeve inside diameter. 
33. A pull-type blind fastener adapted to secure a 
plurality of workpieces from one side of the workpieces 
and characterized by a tubular sleeve having a blind- 25 
side end and a rivet head formed at its opposite end and 
a pin extending axially slidably through said sleeve, the 
fastener being installed in aligned openings in said 
workpieces by applying axial pulling force to the pin 
and a reaction force against the rivet head sufficient to 30 
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pull the pin through the sleeve and axially collapse the 
sleeve to form a retaining bulb on the blind-side of the 
workpieces, the improvement comprising: 
means locking said pin to said blind-side end of said 
sleeve against axial displacement towards said rivet 
head, said pin having a first stem section of first 
diameter adjacent said blind-side end and a second 
stem section of second reduced diameter extending 
through an aperture in said rivet head and terminat- 
ing exteriorly of said sleeve, a plurality of pull 
grooves on said exterior stem portion, a break 
groove of a third diameter lesser than said second 
diameter between said first and second stem sec- 
tions, said first stem section terminating in a stop 
shoulder at said groove; 
said rivet head bore having a normal diameter suffi- 
cient to admit passage of said pull grooves such 
that said pin may be inserted into said sleeve and 
through the rivet head from said blind-side end, 
said rivet head being deformable by said same reac- 
tion force and prior to formation of said bulb to an 
installed condition of reduced bore aperture 
wherein the rivet head stops axial movement of 
said pin through said sleeve at said stop shoulder 
with said break groove in predetermined relation- 
ship with said rivet head, whereby said second 
stem section can be broken off said pin at said 
groove leaving said first section terminating sub- 
stantially flush with said rivet head. 
***** 
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